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^ IMMUNE RESPONSES 

\o 

O (57) Abstract: The invention is concerned with epitopes derived from human papilloma virus, and peptides having a size of about 
CD 22-45 amino acid residues comprising minimal T cell epitopes. The invention further provides clinically relevant approaches for im- 
S~ munizing subjects against (Myco)bacterially and/or virally infected cells or tumor cells, and in particular against HPV. The invention 
q demonstrates that peptide sequences of 22-35 amino acid residues in length can induce both peptide-specific CD8+ cytolytic cells 
^ and CD4+ T-helper cells. Moreover, the invention demonstrates that vaccination with 22-35 residue long peptides results in a more 
vigorous CD8+ cytolytic T-cell response than vaccination with peptides of the exact minimal CTL epitope length. The invention 
further demonstrates that the intrinsic capacity of certain minimal CTL epitopes which instead of activating cytolytic effector cells 
Q tolerizc these cytolytic cells, can be overcome by use of these 22-35 amino acid long peptides. The invention further provides clin- 
^ ically relevant approaches for vaccination and/or treatment of subjects against HPV. The invention also provides methods and uses 
^ suited to treat subjects suffering from progressive lesions and/or cervical cancer. 
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Title : Long peptides of 22-45 amino acid residues that induce and/or enhance antigen 
specific immune responses. 

The present invention relates generally to the field of medicine, and more specifically to 
induction and/or enhancement of a T cell response directed towards an antigen, using 
peptides comprising specific epitopes for said antigen. 

The invention is exemplified mainly by using HPV directed immunity as a modeL 
However, the invention should not be read as being limited to HPV but rather as being 
relevant for a wide variety of immune related or relatable diseases. 

HPV infection is highly prevalent among young, sexually active male and female 
individuals. Large prospective studies showed that acquisition of HPV from male 
partners is common, occurring in 40-60% of subjects during a 3 year follow-up period 
(Koutsky et al, 1997, Ho et al, 1998, Marrazzo et al, 2000). Therefore, HPV is probably 
the most common sexually transmitted disease. 

Papillomaviruses of the high-risk types (e.g. HPV16, 18, 31, 33, and 45) are responsible 
for cervical cancer (Bosch et al, 1995, Zur Hausen, 1996). Following infection of the 
basal epithelial cells, the immediate HPV early genes El, E2, E5, E6 and E7 are 
expressed. The El and E2 genes regulate viral replication. Furthermore, the E2 protein 
controls the expression of the E6 and E7 oncoproteins. The E6 protein of the high-risk 
HPV types specifically binds to p53 and targets its rapid degradation through the 
ubiquitin pathway. P53 is involved in initiation of apoptosis and loss of this protein 
result in the prevention of apoptosis (Scheffiier et al, 1990). The E7 protein of high-risk 
types binds to pRB, which normally prevents cells from entering the cell cycle by 
inactivating E2F, a protein needed for cell cycle entry (Dyson et al 1989). E7 expressiQn 
results in the failure of infected cells to withdraw from the cell cycle and differentiate. 
Prolonged and elevated expression of the E6 and E7 oncoproteins is tightly associated 
with HPV-induced dysplasia and transformation into cervical carcinoma. 
The protective role of the immune system in the defense against HPV-related diseases 
and HPV-induced cancer in humans is suggested by the fact that compared to normal 
controls, immunosuppressed renal transplant patients and patients infected with TTTV 
display a 17-fold greater incidence of genital HPV infection (Ho et al, 1994, Matorras ei 
al 1991, Halpert et al. 1986). The diminished capacity of immunosuppressed 
individuals to resolve HPV infection indirectly points towards a protective role of the 
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immune system early in infection. Evidence of protection against HPV via immunity 
against the early antigens E2, E6 and E7 comes from the cottontail rabbit 
papillomavirus model which is the major animal model for cancer-associated 
papillomaviruses. Vaccination with the nonstructural proteins El and E2 induces the 
regression of virus-induced papillomas whereas viral tumor growth is suppressed. 
Furthermore, rabbits vaccinated with the combination of the El, E2, E6, and E7 genes 
were completely protected against viral challenge (Han et al 1999, Selvakumar et al 
1995). These data indicate that immunity against E2, E6, and E7 can be effective as 
immunoprophylaxis of papillomavirus infection as well as therapeutically for HPV- 
induced lesions and cancer. 

Considerable interest exists in the identification of epitopes involved in the immune 
response to HPV16, given the possibility to incorporate these as subunits into a vaccine 
or to use these epitopes to monitor vaccine induced immunity in vivo. Since most 
epithelial cells express MHC class I but not class n, the attention has so far been 
focused on the induction of tumoricidal HPV-specific CD8+ cytotoxic T lymphocytes 
(Melief et al, 2000; Ressing et al, 1995; Ressing et al, 2000; Ressing et al, 1996). HPV- 
specific CD8+ T-cell reactivity has been found in the peripheral blood of patients 
diagnosed with cervical intraepithelial neoplasia grade HI (CIN HI) lesions or cervical 
carcinoma (Nimako et aL 9 1997; Ressing et al, 1996) and in tumor-infiltrating T-cell 
populations isolated from patients with cervical cancer (Evans et al, 1997). Tumor- 
specific CD4+ T helper ("TV) immunity is now also considered pivotal for the efficient 
eradication of solid tumors, despite the fact that most of these tumors do not express 
MHC class H (reviewed in Melief et al, 2000; Pardoll and Topalian, 1998; Toes et al, 
1999). Recent evidence indicates that CD4+ tumor specific T-cells are required not only 
for optimal induction of CD8+ tumor specific CTL but also for optimal exertion of local 
effector cell function by these CTL (Ossendorp et al, 1998, Toes et al ,1999). For 
induction of MHC class I restricted tumor-specific immunity, cross-presentation of 
antigens that have been captured by professional antigen presenting cells appears to 
play a dominant role. For proper induction of tumor-specific CTL by cross-priming 
tumor-specific CD4+ T cell help is required (Toes et al, 1999, Schoenberger et al, 1998). 
A positive role for HPV-specific Th-immunity was suggested by the predomination of 
CD4+ T-cells in regressing genital warts (Coleman et al, 1994) as well as by the 
detection of delayed-type hypersensitivity responses to HPV16 E7 in the majority of 
subjects with spontaneous regressing CIN lesions (Hopfl et al, 2000). Furthermore, 
HPV16-specific CD4+ T-cells have been detected in the blood of patients with persistent 
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HPV infections, high-grade CIN lesions or cervical cancer (de Gruijl et al, 1998). For 
the less prevalent oncogenic types HPV59 and HPV68, HLA-DR4 restricted Th-cells 
were isolated from the T-cells that infiltrated a cervical cancer lesion (Hohn et al, 
1999). In contrast, despite the presence of HPV16 in the majority of progressive CIN 
lesions and cervical cancers, no in depth information is available concerning HLA- 
restriction and epitope specificity of HPVl6-specifLc T-helper responses. 

For a clinically relevant approach of immunizing subjects, for instance against 
(Myco)bacteriaUy and/or virally infected cells or tumor cells, and HPV in particular, it is 
preferred that both specific T-helper cells and CTL are induced. We have already shown 
that immunization with minimal CTL epitopes results in protection against tumors in 
some models (Feltkamp et aL 1993, Kast et aL 1991) whereas, in other models, it can 
lead to tolerance or functional deletion of virus- and tumor-specific CTL that when 
otherwise induced are protective (Toes et al. 1996ab). The occurrence of tolerance or 
functional deletion decreases the effects of vaccination significantly. However, until the 
present invention there was no solution for this phenomenon. Epitopes involved with 
this effect were therefore not suitable for immunization purposes. Processing of 
exogenous antigens for presentation by MHC class I molecules by cross-priming as well 
as by other mechanisms is now widely recognized second pathway of processing for 
presentation by MHC class I, next to the well known endogenous route (Jondal et al 
1996, Reimann et aL 1997). The normal outcome of antigen processing via this pathway 
is CTL tolerance, unless APC activation by CD4+ T-cells takes place (Kurts et aL, 1997). 
Furthermore, in several studies with murine virus infections, a positive correlation was 
detected between the frequency of CTL precursors and protective immunity (Sedlik et 
al 2000, Fu et of., 1999). For an optimal induction of CTL, presentation of CTL 
epitopes preferably takes place at the surface of professional antigen presenting cells 
(APCs) such as dendritic cells (Mellman e aL 1998, Rodriguez et al. 1999). Whereas 
minimal CTL- and Th-epitopes can, without the need of processing by professional 
antigen presenting cells, be presented to T-cells, proteins need to be taken up and 
processed for an optimal presentation of CTL and Th-epitopes in MHC class I and MHC 
class n, respectively, can occur (Manca et aL 1994). 

The present invention is concerned with means and methods for improving antigen 
specific imm une responses. To this end the invention provides a method for inducing 
and/or enhancing an antigen specific T cell response comprising providing a system 
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capable of exhibiting said response with a peptide comprising a T cell epitope specific 
for said antigen, said peptide comprising 22-45 amino-acid residues. These peptides can 
be synthesized efficiently whereas they also allow efficient uptake by cells capable of 
processing said peptide and present processed epitopes in the context of MHC-I or 
MHC-H. Preferably, said peptide is processed by a professional antigen presenting cell. 
Antigen presenting cells and particularly professional antigen presenting cells such as 
dendritic cells are very efficient in processing and presenting epitopes, whereas they 
further comprise additional functionalities allowing efficient communication with T- 
cells which ultimately leads to improved induction and/or enhancement of said antigen 
specific T cell response. Thus in a preferred embodiment a method of the invention is 
provided wherein said peptide comprises a sequence capable of activating an antigen 
presenting cell. By a sequence capable of activating an antigen presenting cell is meant 
a sequence which is capable of at least partly activating an antigen presenting cell, 
preferably a professional antigen presenting cell. Said activation preferably leads to 
presentation of at least one epitope of said peptide at the surface of said APC. In a 
particularly preferred embodiment said peptide comprises at least two T cell epitopes 
for said antigen. The presence of two T cell epitopes for said antigen allows an even 
more efficient induction and/or enhancement of said antigen specific T cell response. 
Preferably, at least one of said epitopes comprises a T-helper cell epitope for said 
antigen or a cytotoxic T lymphocyte (CTL) epitope for said antigen. Having at least one 
or the other epitope present on the peptide is favorable. Efficient induction and/or 
enhancement is achieved when said peptide comprises a T-helper activating sequence. 
By a T-helper activating sequence is meant herein a sequence capable of at least partly 
activating a T-helper cell. Said activation preferably leads to improved induction and/or 
enhancement of said antigen specific T cell response. In one embodiment said peptide 
comprises at least one T-helper cell epitope for said antigen and at least one cytotoxic T 
lymphocyte (CTL) epitope for said antigen. Surprisingly, it was found that with such 
peptides the problem of induction of (partial) tolerance against epitopes on said peptide 
does not, or to a lesser extent, occur whereas induction and/or enhancement of a specific 
T cell response for said antigen is very efficient. Thus in a particularly preferred 
embodiment of the invention said peptide comprises at least one T-helper cell epitope 
for said antigen and at least one cytotoxic T lymphocyte (CTL) epitope for said antigen. 

An epitope for an antigen is capable of interacting with a T-cell receptor specific for said 
antigen, said T-cell receptor being specific for an MHC-I or MHC-H molecule presenting 
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an antigen derived or derivable peptide comprising said epitope. Though said T-cell 
receptor must be capable of interacting with a peptide derived or derivable from said 
antigen, said epitope can be present on a wide variety of different compounds. Generally 
an epitope for antigen is present on an immunogenic part of said antigen, said part 
being at least 9 amino-acids long and capable of being presented by an MHC-I or MHC- 
II molecule. With the current technology, however, it is possible to provide epitopes that 
are generated in an entirely different way or comprising different matter. For instance, 
once a fragment of said antigen is known to comprise an epitope, peptides can be 
generated that are different in one or more amino-acid positions. Subsequently the 
presence or absence of said epitope can easily be verified by, for instance, an EUSPOT 
assay using a T cell specific for said epitope. Epitopes for an antigen can be present on a 
variety of different molecules such as but not limited to peptides, modified peptides, 
peptidomimetics. 

A peptide of the invention may comprise an epitope for any particular antigen. 
However, preferably said antigen comprises a (Mycobacterial and/or viral protein or an 
immunogenic part, derivative and/or analogue thereof. In one aspect of the invention, 
said antigen comprises a Mycobacterium protein or an immunogenic part, derivative 
and/or analogue thereof. In a preferred embodiment of the invention said antigen 
comprises hsp65 369-412 (Ottenhof et aL, 1991; Charo et al., 2001). Hsp65 369-412 
comprises an HLA-A*0201 epitope at position 369-377, recognized by cytotoxic T-cells, 
and a DR5 epitope at position 390-412, recognized by T-helper cells. In another 
preferred embodiment, said antigen comprises a human papillomavirus (HPV) protein 
or an immunogenic part, derivative and/or analogue thereof. An immunogenic part, 
derivative and/or analogue of a protein comprises the same immunogenic capacity in 
kind not necessarily in amount as said protein itself. A derivative of such a protein can 
be obtained by preferably conservative amino acid substitution. 

More preferably, said protein comprises E2, E6 and/or E7. Regions were identified in 
the E2, E6 and E7 sequence that were most immunogenic. Furthermore, a number of 
naturally processed Th-epitopes mapping in this region were identified. Methods 
included respectively short and long-term PBMC cultures derived from healthy blood 
donors. The PBMC cultures were stimulated with peptides of 22-35 amino acid residues 
in length. In parallel, the in vivo induced E2, E6 and E7-specific immunity, as detected 
by IFNy EUSPOT assays, was analyzed in healthy subjects as well as subjects 
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diagnosed with HPV16+ lesions. 

Pathogen and tumor-specific T helper immunity was found to play a pivotal role in the 
natural and vaccine-induced immune defense against viral infections and tumors. The 
Th response against the human papilloma virus type 16 (HPV16) E2, E6 and E7 
proteins was investigated in detail. By means of short and long term PBMC cultures 
from HLA-typed healthy donors, we identified three separate regions in the E2 protein 
(E2 31-120; E2 151-195; E2 271-365) , the C-terminal part of HPV16 E6 (E6 81-158) and 
the central part of HPV16 E7 (E7 31-77) as the major immunogenic region within these 
antigens. Furthermore, we mapped ten distinct Th-epitopes within these proteins 
(DR1/E2 351-365, DR2/E2 316-330, DR2/E2 346-355, DR4/E2 51-70, E2 61-76, DQ6/E2 
311-325, DR15/E7 50-62, DR3/E7 43-77, DQ2/E7 35-50, DR1/E6 127-142). 
By employing the IFNy ELISPOT analysis, we detected in the CD45RO+ T-cell memory 
subset Th-immunity against HPV16 E2 and HPV16 E6 in healthy individuals, 
suggesting E2 and E6 directed protective immunity against previous HPV infection. 
Furthermore, Th-immunity was detected towards HPV16 E7 in subjects with HPV16+ 
lesions. Several of these responses matched with the three E7-derived Th-epitopes 
defined in this study. A number of other HPV16+ subjects did not display any E7- 
specific type 1 -cytokine producing T cell immunity, indicating failure of the immune 
response. 

We have demonstrated that long peptides containing both CTL and Th-epitopes do not 
only induce antigen specific Th-cells but can induce antigen-specific CTL as well. Such 
peptides can also enhance antigen specific CTL responses. In contrast with 
immunization of C57/B16 mice with the minimal ElA-derived CTL epitope 
(SGPSNTPPE1) which results in enhanced tumor outgrowth, immunization with the 
HPLC purified 32 amino acid long peptides containing this minimal CTL epitope of 
adenovirus E1A protein (RECNSSTDSCDSGPSNTPPEmPVVRIX^IIKP) resulted in 
protection against a challenge with adenovirus E1A +RAS transformed tumor cells. 
Furthermore, HPV16 specific H-2Db-restricted CTL were induced upon immunization 
with 35 amino acid residue long peptides, containing the minimal 9 amino acid long 
CTL epitope RAHYNIVTF, as shown by the presence of H-2Db-RAHYNIVTF tetramer 
positive CD8+ T-cells in a FACS analysis of spleen cells. Notably, in a direct 
comparison the CTL responses induced by the 35-mer peptide were by far stronger than 
CTL responses induced by the minimal CTL epitope and this difference was even more 
pronounced after specific activation of professional antigen presenting cells that can 
take up, process and present epitopes in the long peptide optimally. Furthermore, the 
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present invention shows that stimulation of CTL by said long peptides, in the presence 
of antigen presenting cell activating agents, results in the complete eradication of small 
tumor nodulesln contrast, said minimal CTL epitope is not capable of inducing complete 
eradication of tumors in all mice. 

Thus, vaccination with a long peptide of the invention circumvents the induction of 
tolerance which can occur when minimal CTL epitope peptides are used. A long peptide 
of the invention leads to a higher amount of CTL, generally associated with better 
protection. Without being bound by theory, at least one of two independent mechanisms 
account for this. One mechanism is the physical link age of T-helper epitopes and CTL 
epitopes in one peptide. Another mechanism is the preferential presentation of at least 
one CTL- and/or T-helper-epitope present in a long peptide of the invention by 
professional antigen presenting cells. Because of its size, which excludes direct binding 
of a peptide of the invention to MHC class I, said peptide needs to be taken up by 
professional APC (eg. Dendritic Cells) that are able to process exogenously derived 
antigens and present peptides in MHC class I. Other cells are far less capable of 
processing and subsequent presenting epitopes. Thus background presentation by non- 
professional APC's is at least in part prevented. The effect of preferential targeting of a 
peptide of the invention to APC is enhanced when a long peptide of the invention is 
used together with a dendritic cell-activating agent, which is a preferred embodiment. 
In another preferred embodiment said antigen comprises an auto-antigen, preferably a 
tumor cell specific auto-antigen or a functional part, derivative and/or analogue thereof 
The term "auto-antigen" refers to an antigen that is encoded by the animal species the 
T-cell belongs to. It also refers to an antigen that arises or becomes expressed as a 
result of aberrant expression, modification, folding of proteins of said anim al and/or 
mutation of sequences in the DNA or ENA of a cell encoding a protein of said anim al In 
a preferred embodiment said auto-antigen comprises a MAGE, CTA or PSA antigen. 
In a particularly preferred embodiment said peptide comprises an antigen specific T-cell 
epitope that induces tolerance and/or functional deletion of antigen specific CTL and/or 
T-helper cells in said system. 

It is well known in the art that antigen specific immune responses may be strengthened 
by providing systems capable of exhibiting said responses with an adjuvant. Adjuvants 
are also useful in the present invention. In a preferred embodiment said adjuvant 
comprises an exosome, a dendritic cell, MPL (monophosphoryl lipid A), poly I:C, 
Ampligen (poly I : poly C12 U) and/or CpG nucleic acid. 
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According to the present invention, the advantage of epitope-linkage lies in the 
increased chance for simultaneous presentation of both the MHC class I and class II 
restricted epitopes on the surface of a single APC, thereby facilitating the delivery of 
cognate T cell help to CTL priming. Presentation by professional antigen presenting 
cells is preferred, because said cells can take up antigen more efficiently as compared to 
non-professional antigen presenting cells. Moreover, only professional antigen 
presenting cells are capable, in response to antigen uptake, of activating T helper cells. 
Said activation is important for an optimal immune response. 

The level of the CTL response is dependent on activation of dendritic cells as shown in 
this invention. One of the mechanisms that result in the high efficacy of our long 
peptide HPV16 E7-vaccine, is the fact that the natural HPV16 E7 sequence contains a T 
helper- and CTL epitope that are physically linked to each other. To obtain long 
peptides containing Th-epitopes and CTL epitopes that are preferably presented by 
professional antigen presenting cells, one can link two or more T-helper and CTL 
epitopes that are not naturally occurring sequences but that result in a considerable 
sized peptide. These T-helper and CTL epitopes can be derived from two different 
antigens, are preferably from the same tumor cell or pathogen but may be unrelated. 
According to the invention, a T cell response directed towards a specific antigen can as 
well be induced or enhanced with a long peptide of the invention comprising a Th- 
epitope which is unrelated to said antigen. APC can generally be activated by said 
unrelated Th-epitope. However, preferably said Th-epitope is related to said antigen. 

There are many systems available in which antigen specific immune responses can be 
induced and/or enhanced by providing said system with a peptide comprising an epitope 
specific for said antigen. For instance, in vitro cultures of peripheral blood mononuclear 
cells. Many other systems are available. However, in preferred embodiment of the 
invention said system comprises an animal. More preferably, said animal comprises a 
human. 

A method of the invention is very suited for providing an animal with immunity against 
said antigen and/or for enhancing said immunity. Methods of the invention are suitable 
for any purpose that other immunization strategies are used for. Of old immunizations 
are used for vaccination purposes, Le. for the prevention of disease. However, methods 
of the invention are not only suitable for preventing disease. Methods can also be used 
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to treat existing disease, of course with the limitations that the disease is treatable by 
inducing and/or enhancing antigen specific T cell immunity. This feature can be used to 
treat, for instance, diseases associated with viral infections, such as some cancers. In 
principle, any disease curable in an immune related fashion can profit from methods of 
the invention In a preferred embodiment said animal is suffering from or at risk of 
suffering from a disease that is at least in part treatable or preventable. by inducing 
and/or enhancing said immune response. Preferably said disease comprises a viral 
disease and/or cancer. In another preferred embodiment said disease comprises a 
(mycobacterial infection. 

In another aspect the invention provides a peptide comprising 22-45 amino acid 
residues, comprising a T cell epitope specific for an antigen. Preferably, said peptide 
comprises at least two T cell epitopes specific for said antigen. Preferably said peptide 
comprises a CTL epitope for said antigen or a T helper cell epitope for said antigen. In a 
particularly preferred embodiment said peptide comprises a CTL epitope for said 
antigen and a T helper cell epitope for said antigen. Preferably said CTL and/or T- 
helper epitope for said antigen leads to tolerance or functional deletion of CTL and/or T- 
helper cells, respectively, specific for said epitope, when present on a peptide comprising 
21 amino acid residues or less.. In a preferred embodiment said peptide comprises 
between 22-35 amino acid residues. More preferably, said peptide comprises between 
32-35 amino acids. 

The invention further provides a use of a peptide of the invention for inducing and/or 
e n hancing an immune response specific for said antigen. Provided is also the use of a 
peptide for the preparation of a vaccine. Preferably, for the preparation of a vaccine for 
the treatment and/or the prevention of an HPV-related disease and/or cancer. Further 
provided is a use for the preparation of a medicament. Preferably for the preparation of 
a medicament for the treatment of an individual suffering from or at risk of suffering 
from a viral disease and/or cancer. In another preferred embodiment said individual is 
suffering from or at risk of suffering from a (mycobacterial disease. 

In yet another aspect the invention provides a method of the invention further 
comprising obtaining an antigen specific T cell from said system. Thus also provided is 
an isolated T cell obtainable by a method of the invention. Said T-cell can of course also 
be used for preparing a medicament. Provided is also a vaccine comprising a peptide of 
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the invention. Provided is also a medicament comprising a peptide or a T-cell of the 
invention. 



Peptides of the invention can also be used to determine whether a collection of cells 
comprises an antigen specific T cell, said peptide comprising an epitope for said antigen. 
For instance for determining whether an individual comprises immunity for said 
antigen. The presence of said T cell is, preferably determined by ELISA, ELISPOT, 
delayed type hypersensitivity response, intracellular cytokine staining, and/or 
extracellular cytokine staining. 

In another aspect the invention provides a peptide comprising an immunogenic epitope 
selected from an immunogenic region of human papilloma virus type 16 E2, E6 and E7 
proteins. Preferably, said immunogenic regions comprises three separate regions in the 
E2 protein (E2aM2o; E2151-195; E2271-366) spanning amino acid 31-120, 151-195 and 271- 
365 of human papillomavirus 16 E2 protein, the C-terminal region of HPV16 E6 (E6si- 
i5s) spa nnin g amino acid region 81-158 in the HPV 16 E6 protein and the central part of 
HPV16 E7 (E731-77) spanning amino acid 31-77 of a human papilloma virus 16 E7 
protein. 

More preferably said immunogenic regions comprises in said E2 protein a region 
spanning amino acid 46-75, a region spanning amino acid 51-70, a region spanning 
amino acid 61-76, a region spanning amino acid 316-330, a regions spanning amino 
acid 311-325, a region spanning amino acid 346-355 and a region spanning amino acid 
351-365. In addition said immunogenic regions comprises in said E6 protein a region 
spa nnin g amino acid 81-158. More preferably said immunogenic regions comprises in 
said E6 protein a region spanning amino acid 121-142, and a region sp annin g 127-140. 
In addition said immunogenic regions comprises in said E7 protein a region spanning 
amino acid 35-50, a region spanning amino acid 50-62 and/or a region spanning amino 
acid 43-77. A T-helper cell response can be very well elicited and/or enhanced, using 
anyone of the above-mentioned immunogenic regions. Notably, these immunogenic 
regions are able to elicit/enhance T-helper responses restricted by different HLA class II 
molecules. 

In another aspect the invention provides a method to induce and/or enhance a T cell 
response directed towards an antigen, comprising contacting a T cell with a peptide, 
having a size of about 22-45 amino acid residues, which comprises a minimal T cell 
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epitope of said antigen. Preferably, a peptide of the invention has a size of about 22-40 
amino acid residues. Said minimal T cell epitope is preferably presented in the form of a 
peptide having a size of about 22-40 amino acid residues, because we found that the 
issue of tolerance or functional deletion of CTL by immunization with minimal epitopes 
can be circumvented by the use of long peptides (22-45; preferably 22-40 amino acid 
residues) which are able to prime CTL and/or T-helper cells. Said long peptides, 
comprising at least one minimal T cell epitope, are capable of inducing and/or 
enhancing a T cell response. Immunization with said long peptide, comprising a 
minimal T cell epitope, results in protection even when said minimal epitope leads to 
tolerance or functional deletion of virus- and tumor specific CTL when administered in 
a bare form to said CTL. Said minimal T cell epitope may be derived from an 
immunogenic region of the invention. Thus, in one aspect^ the invention provides a 
method according to the invention, wherein said minimal epitope leads to tolerance or 
functional deletion of virus- and tumor-specific CTL when administered in a bare form 
to Baid CTL 

In another aspect the invention provides a method to induce and/or enhance a T cell 
response directed towards an antigen, comprising contacting said T cell with a peptide, 
having a size of about 22-45 amino acid residues, which comprises a minimal T cell 
epitope of said antigen. Said minimal T cell epitope is presented in the form of a peptide 
having a size of about 22-45, preferably of about 22-40, amino acid residues because we 
found that the induction of (virus- and tumor-specific) CTL is more efficient with said 
long peptides and results in higher numbers of antigen-specific CTL The use of said 
long peptides results in a more efficient presentation of the comprised CTL and/or Th- 
epitopes. Without being bound by theory it is thought that long peptides need to be 
processed and presented by professional antigen presenting cells. Supporting evidence 
for this theory comes from a more efficient induction of CTL immunity after vac cin ation 
with said long peptides and professional antigen presenting cells-activating agents. 

Contacting a T cell with a peptide, in terms of the invention, is preferably performed by 
means of a MHC class I or MHC class II molecule. Said MHC molecule may present 
said peptide after processing of the peptide to said T cell. An antigen of the invention 
can be an antigen derived from a virus, a bacterium or associated with tumor cells. 
Preferably an antigen comprises a protein of human papillomavirus (HPV). More 
preferably, said HPV comprises HPV 16. In a most preferred aspect, said protein 
comprises HPV 16 E2, E6 and/or E7. Said long peptides are capable of priming CTL 
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and/or T-helper cells. Therefore, in one aspect the invention provides a method 
according to the invention, wherein said T cell comprises a CD8+ CTL. Alternatively, 
said T cell comprises a CD4+ T helper cell. 

By inducing a T cell response is meant herein that a T cell response directed towards a 
certain antigen is elicited. Before said induction, said T cell response was not present, 
or below detection levels or not functional By enhancing a T cell response iB meant 
herein that the overall action of T cells directed towards a certain antigen is made 
higher and/or more efficient compared to the overall action of said T cells before said 
enhancement. For instance, after said enhancement more T cells directed towards said 
antigen may be generated. As a result, the action of the additionally generated T cells 
increases the overall action against said antigen. Alternatively, said enhancement may 
comprise the increment of the action of T cells directed towards said antigen. Said T 
cells may for instance react stronger and/or quicker with said antigen. Of course, the 
result of said enhancement may be generation of additional T cells together with 
increment of the action of said T cells. Alternatively, said enhancement may comprise 
generation of additional T cells, or increment of the action of T cells, only. 

A minimal T cell epitope is defined herein as a peptide derived from an antigen, capable 
of inducing a T cell response against said antigen. Said minimal T cell epitope is 
suitable to be bound by a class I or II Major Histocompatability molecule. Typically, a 
minimal CTL epitope consists of 8-11 amino acids. A minimal T cell epitope which is to 
be bound by an MHC class II molecule preferably at least consists of 11 amino acids. 
In terms of the invention, administering a minimal epitope in a bare form means that 
said epitope is administered as a peptide having the size of said epitope, or as a peptide 
comprising said epitope flanked on one or both sides with additional sequences, the size 
of said peptide being less than 22 amino acid residues. For instance, said epitope may 
be flanked by processing sites. 

With the teachings of the present invention it is possible to induce and/or enhance a T 
cell response directed towards an antigen using a peptide of the invention. Of course, 
examples of said peptide are also herewith provided. Thus, one embodiment of the 
invention provides a peptide, having a size of about 22-45, preferably of about 22-40 
amino acid residues, comprising at least one minimal T cell epitope. Said peptide 
comprises a minimal CTL epitope, and/or a minimal T helper cell epitope. Preferably 
said peptide comprises an immunogenic epitope of the invention. 
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A peptide of the invention is more suitable to be used for vaccination purposes than a 
minimal epitope in a bare form, if immunization with said minimal epitope leads to 
tolerance or functional deletion of CTL. Thus in one aspect the invention provides a 
peptide according to the invention, wherein said minimal CTL epitope leads to tolerance 
or functional deletion of virus- and tumor-specific CTL when administered in a bare 
form to said CTL. A peptide of the invention preferably has a size of about 22-45 amino 
acid residues. Preferably, a peptide of the invention has a size of 22-35 amino acid 
residues. More preferably, a peptide of the invention comprises 32 amino acid residues. 
In another aspect a peptide of the invention comprises a size of 35 amino acid residues. 

A peptide of the invention is more suitable to be used for vaccination purposes than a 
minimal epitope in a bare form, if immunization with a peptide of the invention leads to 
higher numbers of CTL. This can be achieved by assuring that presentation 
predominantly takes place by professional antigen presenting cells. Thus in one aspect 
the invention provides a peptide according to the invention wherein said peptide leads 
to higher numbers of virus- and/or tumor-specific CTL than when minimal CTL 
epitopes are administered. In another aspect a peptide of the invention leads to a 
vigorous CTL response capable of eradicating (small) tumor nodules. 
The art currently knows many ways of generating a peptide. The invention is not 
limited to any form of generated peptide as long as the generated peptide comprises a 
minimal T cell epitope. By way of example, a peptide of the invention can be obtained 
from protein E2, E6 or E7, synthesized in vitro or by a cell, for instance through an 
encoding nucleic acid. A peptide of the invention can be present as a single peptide or 
incorporated into a fusion protein. In one embodiment said peptide is flanked by 
processing sites allowing processing of said peptide inside a cell such as to allow 
transport and/or incorporation into an MHC molecule on the surface of said cell. In a 
preferred embodiment a peptide of the invention is after processing capable of 
complexing with an MHC class II molecule. MHC class H restricted T-cell immunity is 
currently considered to be important in eradication of for instance tumor cells although 
said tumor cells often do not express MHC class II molecules. Peptides of the invention 
are particularly well suited for eliciting, inducing and/or stimulating both MHC class I 
and MHC class II dependent T cells. Thus, in one aspect the invention provides a use of 
a peptide of the invention to induce and/or enhance a T cell response directed towards 
an antigen. A method to elicit and/or enhance an immune response in an individual, 
comprising administering to said individual a peptide of the invention is also herewith 
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provided. In another aspect, the invention provides a use of a peptide of the invention 
for the preparation of a vaccine. Preferably, said vaccine comprises a vaccine for, at 
least in part, prophylaxis of an HPV-related disease. 

For instance, reactive T cells to HPV E2 and E6 protein have been found in healthy 
individuals indicating that the identified immunogenic regions in the HPV16 E2 and E6 
protein comprises epitopes relevant for prophylactic anticancer treatments based on 
vaccination and/or adoptive immunotherapy approaches. Additionally, reactive T cells 
to HPV E7 and HPV E6 protein have been found in subjects comprising CIN HI lesions 
and in subjects having cervical cancer. This indicates that the identified immunogenic 
regions of the HPV16 E7 and E6 protein comprise epitopes relevant for anticancer 
treatments based on vaccination and/or adoptive immunotherapy approaches. 
Peptides of the invention are suited for the generation and/or induction of HPV specific 
T-cells. In one aspect the invention therefore provides a method for generating a human 
papilloma virus 16 specific T-cell comprising contacting a collection of naive T-cells with 
a peptide of the invention and culturing at least part of said collection of T-cells. In 
another aspect the invention provides a method for inducing antigen-specific cytokine 
(like, for instance, IL-2 or IFNy) production by a human papilloma virus 16 specific 
memory T-cell comprising contacting a collection of T-cells of a subject infected with 
human papilloma virus 16 with a peptide of the invention and culturing at least part of 
said collection of T-cells. In a preferred embodiment of these aspects said human 
papilloma virus 16 specific T-cell is isolated. 

In yet another aspect a method of the invention further comprises obtaining a T cell 
directed towards an antigen, comprising inducing and/or enhancing a T cell with a 
method of the invention and collecting formed T cells directed towards said antigen. Of 
course, an isolated T cell obtainable by a method of the invention is also provided 
herein. Said T cell can be used in many ways, for instance for the detection of an epitope 
of the invention for instance in a diagnostic assay. However, preferably said T cell is 
used in immunotherapy approaches. Such approaches incorporate but are not limited to 
approaches wherein such T cells are infused into a subject suffering from an HPV- 16 
induced cervical cancer or lesion. Thus in one aspect the invention provides a use of a T 
cell of the invention for at least in part treatment of an HPV-related disease. In such 
approaches it is preferred that said T cell and said subject are histocompatible. 
Although this may not always be true. In some cases mismatches for histocompatible 
even enhance the functionality of said T cell in said subject. The risk of developing graft 
versus host disease can often be limited by assuring that T cells not restricted to an 
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epitope of the invention are not present in a graft given to said subject. Of course, host 
versus graft responses resulting in elimination of infused T cells of the invention can 
occur. To limit such responses histocompatibility is preferred. However, in case wherein 
eradication of tumor cells is very rapid, host mediated removal of grafted cells can be an 
advantage as an additional safety feature of immunotherapy. In one embodiment the 
invention therefore provides a method for eliciting and/or enhancing an HPV16 E2, E6 
and/or E7 protein specific immune response in an individual comprising administering 
to said individual a peptide of the invention or a T-cell of the invention. A peptide of the 
invention is particularly suited to elicit HPV 16 specific immune responses in an 
individual. These immune responses can be sufficiently high to provide a subject with 
protection against infection by HPV-16. However, a peptide or a T cell of the invention 
can also be used to aid in combatting an already present infection in a subject. Thus 
another embodiment of the invention provides a use of a peptide or a T cell of the 
invention for the preparation of a medicament. Preferably, said medicament comprises 
a medicament for an HPV-related disease. Of course, a vaccine and/or a medicament 
comprising a peptide of the invention is also provided herewith. Said vaccine is 
particularly suitable for prophylaxis of an HPV related disease. Therefore the invention 
also provides a method for, at least in part, prophylaxis of an HPV-related disease, 
comprising administering to an individual a vaccine of the invention. A medicament of 
the invention is of course particularly suitable for treatment of an HPV related disease. 
Thus, a method for, at least in part, treatment of an HPV-related disease, comprising 
a dminis tering to an individual a medicament of the invention is also provided herewith. 
In another aspect the invention provides a method for determining whether a collection 
of T cells comprises a memory T cell specific for an epitope comprising providing said 
collection of T cells with a peptide of the invention comprising said epitope, culturing 
said collection of T cells in the presence of an antibody specifically directed towards an 
antigen-specific cytokine (like, for instance, EL-2 or EFNy) and detecting any bound 
antigen-specific cytokine. In one embodiment Baid antibody is bound to a solid phase, 
preferably a solid surface. Said method is very useful to determine whether an 
individual has a T cell response directed towards a certain antigen, for instance towards 
an HPV protein. Said method can be used for diagnosis of an HPV infection. 
Alternatively, said method is suitable to determine whether a T cell response is elicited 
after vaccination of an individual Preferably, said individual is provided with a vaccine 
of the invention. Thus one embodiment of the invention provides a use of a peptide of 
the invention to determine the presence of a T cell directed towards an antigen. In one 
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embodiment, said presence of said T cell is determined in a sample. For instance, a 
blood sample from an individual can be obtained. After that, the presence of a T cell 
directed towards a specific antigen can be determined using a peptide of the invention, 
in an immunologic assay. For instance, the above mentioned method can be used. In 
this method, the detection of bound antigen-specific cytokine (like, for instance, IL-2 or 
IFNy) indicates the presence of said T cell. Of course, a person skilled in the art can 
think of many more techniques for detection of a T cell directed towards a certain 
antigen, using a peptide of the invention. For instance ELISA, ELISPOT, delayed type 
hypersensitivity (DTH) response, intracellular cytokine staining and extracellular 
cytokine staining or the use of tetrameric MHC class II molecules comprising said 
peptides are important techniques, known by the artisan. 



The invention is further explained by the use of the following illustrative examples. 
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Example 1 

Material and Methods 
Subjects and Controls. 

Samples of umbilical cord blood mononuclear cells (CBC) were used as immunologically 
naive controls for influenza matrix-specific responses. PBMC of HLA- typed, anonymous 
healthy blood bank donors (D) obtained after informed consent, served as control PBMC 
for HPV16 E7 and influenza matrix-specific responses. Since these donors are 
anonymous, no additional data is available. However, donors with a known recent 
history of infection, including abnormal pap-smear, were, as part of normal regulations, 
discouraged to donate blood. The study of subjects (S; Table J) with CIN or cervical 
carcinoma in this paper was nested in the "CIRCLE study" that investigates cellular 
immunity against HPV16 infected cervical lesions. Women presenting with 
histologically proven CIN HI or cervical carcinoma at the department of gynecology of 
the Leiden University Medical Center (LUMC) were, after informed consent, enrolled in 
this study. The study design was approved by the ethics committee of the LUMC. Blood 
was drawn at day of treatment. Subjects with CIN HI were treated by LEEP or cold 
knife conization. In case of stage IB-IIA a radical hysterectomy was performed. All 
individuals for whom enough PBMC were available were typed for HLA MHC class II 
(Naipal et al, 1984). Subjects were typed for HPV16 using HPV16-specific primers on 
DNA isolated from paraffin-embedded sections of biopsies or surgical resection 
specimens (Claas et al., 1989). Since HPV-specific T-helper response were expected to be 
found in subjects with progressive disease (de Gruijl et al., 1998), we chose to analyze 
three subjects presenting with CIN HI, 4 subjects with stage IB cervical cancer and 4 
subjects with recurrent cervical cancer. 

Antigens. 

The peptides used spanning the E7 protein consisted of nine overlapping 22-mer 
peptides and are indicated by their first and last amino acid in the protein (1-22, 11-32, 
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21-42, 31-52, 41-62, 51-72, 61-82, 71-92 and 77-98) or 4 long peptides defined by amino 
acids 1-35, 22-56, 43-77 and 64-98. The peptides spanning the influenza matrix 1 
protein of A/PR/8/43 that were used as control peptides in the ELISPOT assay consisted 
of sixteen 30-mer peptides overlapping by 15 amino acids. Peptides were synthesized 
and dissolved as described previously (van der Burg et aJ., 1999). 
Recombinant HPV16-E7 protein, HPV16-E6 protein and HIV-1 RT protein (the latter 
two proteins served as control proteins in proliferation assays) were produced in 
recombinant E. coli transformed with Pet-19b-HPVl6-E7, Pet-19b-HPV16-E6 (De 
Bruijn et a/., 1998) or Pet-19b-HIV-l reverse transcriptase (RT) and purified as 
described previously (van der Burg et oi., 1999). 

Memory Response Mix (MRM): A mixture of tetanus toxoid (1 LF/ml; National Institute 
of Public Health and the Environment, Bilthoven, The Netherlands) and Mycobacterium 
tuberculosis sonicate ( 2.5jig/ml; generously donated by Dr. P. KLatser, Royal Tropical 
Institute, The Netherlands ) was used to control the capacity of PBMC to proliferate in 
response to typical recall antigens. 

HLA-DR-peptide binding assay. 

Binding of peptides was measured as reported previously (van der Burg et ah, 1999). 
Briefly, as a source of HLA-DR molecules B-lymphoblastic cell lines homozygous for 
HLA-DR were used: LG2.1 (DRB*0101, DR1), IWB (DRB1*0201, DR2), HAR 
(DRB*0301, DR3), BSM (DEB*0401, DR4) and Pitout (DRB1*0701, DR7). DR 
molecules were purified by affinity chromatography and the purity confirmed by SDS- 
PAGE. The analysis of peptide binding to purified HLA-DR molecules was performed 
using N-terminally fluorescence-labeled standard peptides. As standard fluorescent 
peptides in the binding assays, either HA 308-319 (PKYVKQNTLKLAT, DR1 and DR2), 
hsp65 3-13 (KTIAYDEEARR, DR3), HA 308-319 Y?F (PKFVKQNTLKLAT, DR4) or H 
80-103 (LPI^PBPVSKMRMATPLOVIQA LPM, DR7) were used. 

Immunogemcity Assay. 

HPV16-E7 derived peptide induced proliferation of PBMC isolated from blood obtained 
from healthy donors was measured as described previously (van der Burg et al. 9 1999). 
Briefly, PBMC were seeded at a density of 1.5x10 s cells/well of a 96 well U-bottom plate 
(Costar, Cambridge, MA) in 200 \d of ISCOVETs medium (Gibco) enriched with 10% 
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autologous serum, in the presence or absence of 10p,g/ml of indicated 22-mer E7 
peptide. As positive control, PBMC were cultured in the presence of a Memory 
Response Mix. Peptide specific proliferation was measured at day 6 by tritium- 
thymidine incorporation. Peptides were scored as immunogenic, i.e., able to stimulate 
T-cells, when the proliferation of >25% of the 8 test wells exceeded the mean 
proliferation + 2 times the standard deviation of medium control wells. 

Proliferation assays. 

Cultures were pulsed with O.SjiCS. PH] thymidine (5Ci/mM, Amersham, UK) per well for 
18 hours. Plates were harvested with a Micro cell Harvester (Skatron, Norway). 
Filters were packed in plastic bags containing 10 ml of scintillation fluid and 
subsequently counted in a 1205 Betaplate counter (Wallac, Turku, Finland). 
MHC class II blocking experiments were carried out as described before using murine 
monoclonal antibodies against HLA-DQ SPV.L3, against HLA-DR B8.11.2 and against 
HLA— DP B7/21 (van der Burg et aL, 1999). Antibodies were added to APC 1 h prior to 
protein-APC incubation. 

Isolation and expansion of HPV16-E7-specific T-helper cells. 

Peptide-specific T-cell bulk cultures were generated as described previously (van der 
Burg a*., 1999) using either the E7 22-mer or E7 35-mer peptides. Specific 
proliferation was measured by incubation of 50,000 responders with an equal amount of 
irradiated (30Gy) APC (autologous PBMC unless indicated otherwise) and peptide or 
protein as indicated. E7-peptide and -protein-specific bulk T-cells were cloned by 
limiting dilution as described previously (van der Burg et aL, 1999). 

Cytokine assays. 

To determine specific excretion of cytokines, T-cell clones were stimulated by incubation 
of 50.000 T-cells with an equal amount of APC (30Gy) together with lOjig/ml peptide, 
control peptide, E7 protein or control protein as indicated. After 24 hours of incubation, 
supernatant was harvested and replicate wells were pooled. Cytokine production was 
measured by Enzyme-linked Immunosorbent Assay (ELISA) as described previously 
(van der Burg et al f 1999). 
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Analysis of antigen-specific T-cells by ELISPOT. 

PBMC or cord blood cells (CBC) were seeded at a density of 2 x 10 6 cells/well of a 24 well 
plate (Costar, Cambridge, MA) in 1ml of ISCOVE's medium (Gibco) enriched with 10% 
PCS, in the presence or absence of 5ng/ml of indicated E7-derived 22-mer peptide. As 
positive control PBMC were cultured in the presence of indicated pools of influenza 
A/PK/8/34 Ml protein derived peptides consisting of 4 overlapping 30 amino acid long 
peptides in each pool. Based on our observations, we used a 4-day stimulation before 
PBMC were transferred to the ELISPOT plates. This resulted in a pronounced IPNy - 
production towards influenza Mi-derived peptides in the CD46RO+ (memory) subset of 
T-cells but not in naive T-cells obtained from adult PBMC (unpublished observations). 
Following 4 days of incubation at 37°C, PBMC were harvested, washed and seeded in 
six replicate wells at a density of 10 5 cells/well of a Multiscreen 96-well plate (Millipore, 
Etten-Leur, The Netherlands) coated with a EFNy catching antibody (Mabtech AB, 
Nacha, Sweden). The ELISPOT was further performed according to the instructions of 
the manufacturer (Mabtech). The number of spots were analyzed with a fully 
automated computer assisted video imaging analysis system (Carl Zeiss Vision). 
Specific spots were calculated by subtracting the mean number of spots + 2xSD of the 
medium only control from the mean number of spots of experimental wells. Antigen- 
specific T-cell frequencies were considered to be increased compared to non-responders 
when T-cell frequencies were > 1/10,000 PBMC. 

Results 

Identification of the immunogenic sequences within HPV16E7. 

We set out to identify the sequences within the HPV16 E7 protein that function as 
major immunogenic determinants in the context of MHC class II. A set of HPV16 E7 
derived overlapping peptides was tested for binding to HLA-DR 1, 2, 3, 4 and 7 in a 
quantitative peptide/MHC binding assay (Geluk et al, 1995). Together, these HLA-DR 
molecules cover at least 50-60% of the caucausian, oriental and negroid populations 
(Baur et al., 1984). Four peptides, E7mb, E7«-€2, E7 fi i-72 and E777-98> bound to three or 
more different HLA-DR molecules (Table II): peptide E7i-22 bound to ITT, A DR2, 3, 4 
and 7, peptide E7<u-62 bound to DR1, 2, 3 and 4 whereas peptide E7 5 i-72 bound to DR1, 3 
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and 7 and peptide E777 98 bound to DR1, 2 and DR7. This is in accordance with the fact 
that the peptide binding restrictions for MHC class II molecules were found to be less 
strict than those for MHC class I (Rammensee et al, 1995). Of note, these peptides 
failed to bind to one or two other DR molecules tested indicating that their binding, 
although rather ubiquitous in character, was specific. 

Our subsequent experiments focused on the four peptides binding to multiple HLA-DR 
molecules, as these are the most likely to comprise naturally presented T-helper (Th) 
epitopes (Geluk et al, 1998). We analyzed whether the peptides could stimulate T-cells 
to proliferate by adding these to PBMC from 13 HLA-typed healthy blood donors. This 
assay does not discriminate between the reactivity of memory T-cells and naive, in 
vitro, primed T-cells but can be readily employed for identification of immunogenic 
peptides (van der Burg et a/., 1999). All four peptides were able to stimulate 
proliferative responses in PBMC from multiple donors (Table II). Most PBMC cultures 
reacted to the peptides E7 4 i-62 and E751-72 indicating that the central region of the E7 
protein harbors the most immunogenic sequences and is likely to be targeted by the 
immune system in HPV16 infected individuals. 



Table I Subject characteristics 



Patient 


Age 


HPV type 


MHC class II type 


Stage of Disease 


number 






1 


38 


16 


HLADR4,11(5);DQ3 


ciNm 


2 


41 


16 


HLADR15(2), 3; DQ6(1),2 


ciNm 


3 


32 


16 


HLADR15(2),4;DQ3,6 


ONm 


4 


67 


16 


HLA DR15(2), 4; DQ6(1), 8(3) 


FIGOIB 


5 


59 


16 


HLADR11(5);DQ3 


FIGOIB 


6 


36 


16 


Non-Available 


FIGOIB 


7 


28 


16 


HLADR1,7;DQ5(1),2 


FIGOIB 


8 


48 


16 


HLADR15(2),7;DQ6(1) 


Recurrent cervical 










carcinoma 


9 


46 


16 


HLADR15(2),7;DQ6(1),2 


Recurrent cervical 










carcinoma 


10 


47 


16 


HLADR6, 7; DQ1,2 


Recurrent cervical 


11 


46 


16 


. HLADR3, DQ2 


carcinoma 
Recurrent cervical 










carcinoma 
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Mapping of naturally processed T~helper epitopes in HPV16 E7. 

As a next step in the identification of Th-epitopes in HPV16 E7, peptide specific bulk T- 
cell cultures were generated from PBMC of HLA-typed healthy blood donors by 
repeated stimulation with several long peptides covering the central region of E7. The 
responding T-cellB were subsequently tested for recognition of antigen presenting cells 
(APC) pulsed with either peptide or whole E7 protein. In the latter setting, 
presentation of the relevant peptide-epitopes requires antigen-uptake and -processing. 
Approximately 30% of the Th-cell cultures generated specifically responded to the 
peptides against which they were raised. Of these, three cultures also showed modest 
but specific activity against E7 protein pulsed APC, indicating the presence of Th-cells 
with the capacity to respond against naturally processed antigen (FIGs. la, 2a and 3a) . 
FIG. lb shows the reactivity of a Th-clone that was isolated from HLA-DR15, 4 and 
DQ6, 7 positive PBMC raised against peptide E74WB. These Th-cells specifically 
respond to APC pulsed with peptide E741-62, peptide E748-77 or E7 protein. The specificity 
of the response by this Th-clone exceeded that of the polyclonal culture from which this 
Th-clone was isolated (compare to FIG. la), illustrating that by limiting dilution we 
have succeeded in isolating the T-cells of interest. Further studies using MHC class II 
blocking antibodies against HLA-DR, -DQ or -DP (FIG. lb) and partially MHC class II 
matched APC revealed that the Th-clone was restricted by HLA-DR15 (FIG. lc). Fine 
mapping of the epitope showed that the core sequence recognized was E7bo-62. 
Furthermore, this Th-clone produced the Th type 1 cytokine IFNy (FIG. Id). In a 
similar fashion a HPV16 E7-specific Th-clone was obtained from HLA-DR3, DQ2 
positive PBMC stimulated with peptide E722-se (FIG. 2a). Also this Th-clone secreted 
IFNy upon triggering by peptide E722-56 and E7 protein pulsed APC (FIG. 2bc). Further 
analysis showed that this Th-clone recognized the core sequence E7s5^o, as indicated the 
fact that both peptides E7so-60 and E7b5-55 recognized, in an HLA-DQ2 restricted fashion 
(FIG. 2c). A third type 1 cytokine producing Th-clone with distinct specificity was 
derived from a HLA-DR1, 3 and DQ2 positive PBMC culture stimulated with peptide 
E743-77 (FIG. 3ab). This clone was HLA-DR3 restricted (FIG. 3cd) and produced IFNy 
upon recognition of both peptide and protein pulsed APC (FIG. 3e). Whereas peptide 
E743.77 was recognized, the smaller peptide E741-62 was not, indicating that the C- 
terminal part of the E743-77 peptide harbors the core epitope. In conclusion, using 
established Th-clones we mapped three naturally processed epitopes in HPV16 E7. It is 
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conceivable that HPV16+ individuals expressing the relevant MHC class II molecules 
display in vivo induced Th-immunity against these peptides. 

Memory T-helper responses in subjects with HPV16+ CIN III lesions or cervical 
carcinoma. 



In an approach parallel to the mapping of Th-epitopes using PBMC cultures of healthy 
individuals, the response against HPV16 E7 in subjects with HPV16+ lesions was 
analyzed (see Table I for subject characteristics). Primary, in vitro, stimulation of naive 
T-cells from newborns or adults can result in the production of IL-2 and proliferation of 
T-cells. However, at this stage such T-cells fail to secrete IFNy . The production of 
IFNy follows when the antigen is encountered again (Early and Eeen, 1999; Pittet et 
of., 1999; Sallusto et o/., 1999). This feature allowed us to discriminate between in vitro 
primed and memory T-cell responses by ELISPOT. Th-responses against the influenza 
A matrix (Ml) protein, which are readily detectable in PBMC of most donors of diverse 
HLA-types (Table HI and our unpublished observations), were measured in parallel as a 
positive control for the detection of memory T-cell immunity in the assay. Stimulation 
with Ml-peptides of MACS-separated CD45RA+ (naive) T-cells and CD45RO+ (memory) 
T-cells resulted in the production of IFNy in the CD45RO+ subset only, confirming that 
our ELISPOT setup specifically detects memory responses (FIG. 4). Furthermore, cord 
blood cells (CBC), in accordance with their naive phenotype, did not react by secreting 
IFNy when stimulated in vitro with influenza Ml derived peptides. In addition to the 
PBMC from all healthy donors, those from 9/11 of the HPV16+ subjects reacted to one 
or more pools of Ml-peptides (Table TTT) 

Analysis of HPV16 E7-immunity revealed responses against one or more peptides in 2/3 
subjects diagnosed with CIN HI and in 3/8 subjects with cervical carcinoma. In 
addition, one of the seven donors tested displayed immunity against a peptide. The 
central region of HPV16 E7 that is covered by the peptides E7 3 i.52, E741-62 and E7ei.72 
was targeted by the im mune system of all five HPV16+ individuals (Table ID), not only 
confirming that this region is highly immunogenic (Table II) but also demonstrating 
that this region harbors epitopes that are targeted by natural immune responses 
against HPV16. Interestingly, the specificity of IFNy responses detected in three 
HPV16+ subjects, in combination with their HLA-type, matched that of the established 
Th-clones for which we examined specificity and HLA-restriction in detail (FIGs. 1-3). 
In particular (Table HI, underscored frequencies), subject 2 exhibited significantly 
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increased immunity matching the specificity of the two HLA-DR restricted clones as 
well as weak immunity matching the HLA-DQ2/E736-50 clone. Subject 8 displayed a 
response matching the DR15/ E7bo-62 clone, whereas subject 11 showed reactivity 
matching the HLA-DQ2/E785-50 clone. It should be noted that in other subjects 
expressing the relevant MHC class II molecules such responses could not be detected 
(subjects 3, 4, 7 and 10). 

Example 2 

Materials and methods 

Lymphocytes 

Peripheral blood mononuclear cells (PBMQ and serum of HLA-typed anonymous 
healthy blood donors were obtained after informed consent. Because these donors are 
anonymous, no data on medical history are available. Importantly, donors with a known 
recent history of infection, including abnormal pap-smear were, as part of normal 
regulations, discouraged to donate blood. 

Antigens 

A set of peptides spanning the whole HPV16 E2 protein consisting of 23 overlapping 
peptides, 22 of which have a length of 30 amino acids and one of which (E2m^) has a 
length of 35 amino acids, was used. These peptides share an overlap of 15 amino acids. 
For epitope fine-mapping and the determination of cross-reactivity of HPV16-E2 specific 
Th-clones, peptides with a length of 15 and 20 amino acids were used. The peptides 
spanning the Influenza Matrix 1 protein of A/PE/8/34, which were used as control 
peptides in ELISPOT assays, consisted of 16 30-mer peptides overlapping by 15 amino 
acids. Peptides were synthesized by solid phase technique on an automated multiple 
peptide synthesizer (Abimed AMS 422, Langenfeld, Germany), and analysed by reverse 
phase HPLC. The lyophilized peptides were dissolved in 50jil of DMSO, diluted in PBS 
to a final concentration of 2.5 mg/mL The HPV16 E2 C-terminal (E228o-s6e) protein and 
HPV16 E7 protein were produced according to previously described procedures 
(Franken et aL, 2000) 
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Memory Kesponse Mix (MEM), consisting of a mixture of tetanus toxoid (0.75 LF/ml 
final concentration; National Institute of Public Health and Environment, Bilthoven, 
The Netherlands), Mycobacterium tuberculosis sonicate (2.5jig/ml; generously donated 
by Dr.P. Klatser, Royal Tropical institute, Amsterdam, The Netherlands) and Candida 
albicans (0.005%, HAL Allergenen Lab, Haarlem, The Netherlands), was used to 
confirm the capacity of PBMC to proliferate and produce cytokine in response to 
common recall antigens. 

HLA-DR - peptide binding assay 

Binding of peptides to HLA-DR was measured as reported previously (van der Burg et 
aL, 1999). Briefly, as a source of DR molecules B-LCL homozygous for DR were used: 
LG2.1 (DRB*0101, DR1), IWB (DRB1*0201, DR2), HAR (DRB*0301, DR3), andBSM 
(DEB*0401, DR4). DR molecules were purified by affinity chromatography and the 
purity confirmed by SDS-PAGE. The analysis of peptide binding to purified DR 
molecules was performed using N-terminally fluorescence-labeled standard peptides. As 
standard peptide in the binding assays HAsos-sis (PKYVKQNTLKLAT, DRl and DR2), 
hsp65 3-13 (KTIAYDEEAKR, DR3) or HAsomm Y-»F (PKFVKQNTLEQLAT) was used. 

Short-term T cell proliferation assay 

Immunogenicity of individual HPV16 E2 peptides was determined by short term 
proliferation assays of healthy donor PBMC with HFV16-E2 peptides, according to 
previously described procedures (van der Burg et al. 1999). Briefly, freshly isolated 
PBMC were seeded at a density of 1.5 x 10 5 cells/well in a 96-well U-bottom plate 
(Costar, Cambridge, MA) in 200^1 of IMDM (Iscove's Modified Dulbecco's Medium, Bio 
Whittaker, Verviers, Belgium) supplemented with 10% autologous serum (10% FCS was 
used for CBC cultures). HPV16-E2 peptides were added at a concentration of lOjig/mL 
Medium alone was taken along as negative control; phytohemagglutinine (PHA, 
0.5fig/ml) served as a positive control For each peptide 8 parallel micro-cultures were 
initiated; each donor was tested twice. Peptide-specific proliferation was measured at 
day 6 by ^-thymidine incorporation. Peptides were scored positive, when - in both 
assays - the proliferation of >50% of the test wells exceeded the mean proliferation + 3 x 
SD of the control wells, and the stimulation index (SI) of all test wells over medium 
control wells was higher than 3. 
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Generation and analysis of long-term HPV16-E2 specific Th-cultures 

Long-term HPV16 E2-specific T-cell cultures and Th-clones were established according 
to previously described procedures (van der Burg et aL 1999). Briefly, PBMC from 
healthy HLA-typed donors were stimulated in vitro with the following HPV16 E2 
peptides (E2271-300+E2286.315; E2301-330+E2316-345; E2 331.365) . 15 x 10 6 PBMC were seeded 
in 25cm 2 culture flasks (Nalge Nunc, USA) in 6 ml IMDM supplemented with 10% 
autologous serum. Peptides were added at a concentration of 5 \xg/mL At day 7, 15 x 10 6 
PBMC were added, together with fresh medium and peptides. At day 14 and 21 viable T 
cells were harvested from the cultures, counted and restimulated with an equal amount 
of autologous irradiated PBMC and peptide (5 jig/ml). T-cell growth factor (Biotest, 
Dreieich, Germany) was added 2 days after restimulation at a final concentration of 
10%. The T-cell cultures were tested for peptide recognition by proliferation assay at 
day 28. PeptLde-specific T-cell cultures were cloned by limiting dilution and T-cell clones 
were subsequently tested for the recognition of E2-peptide and -protein-pulsed APC. 
Specificity of the Th clones was analysed as described previously (Van der Burg et al. 
1999). Notably, in proliferation assays in which Th-clones were tested for protein 
recognition, autologous monocytes were used as APC. For measurement of 
proliferation, cultures were pulsed with 0.5 Ci PH] thymidine ( 5 jiCi / mM, Amersham, 
UK) per well for 18 hours. Plates were harvested with a Micro cell Harvester (Skatron, 
Norway). Filters were packed in plastic covers containing 10 ml of scintillation fluid and 
subsequently counted on a 1205 Betaplate counter (Wallac, Turku, Finland). HLA-class 
II blocking experiments were performed using murine monoclonal antibodies: anti-DQ 
SPV. L3, anti-DR B8.1L2, and anti-DP B7/21. Supernatants of the proliferation assays 
were harvested 24 hrs after incubation and analysed for the presence of IFN-y by ELISA 
(van der Burg et aL, 1999). 

Detection of memory Th-cells by ELISPOT 

Memory cells (CD45RO+) were isolated freshly from buflycoats by MACS after 
incubation with CD45RO microbeads (cat. no. 460-01, Miltenyi Biotec, Germany). The 
purity of the obtained CD45RO+ fraction was > 95% as determined by flowcytometry 
after surface staining for CD45RO and CD45RA (CD45RA-FITC, cat. no. 347723, 
CD45RO-PE, cat. no. 347967, Becton Dickinson Biosciences, USA). CD45RO+ cells were 
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seeded at a density of 10 6 cells/well in a 24-wells plate (Costar) in 1ml of IMDM 
supplemented with 10% FCS. 10 6 irradiated autologous cells were added to each well 
as APC. The responder cells were incubated with either medium alone, pools of HPV16- 
E2 peptides at 5|ig/ml/peptide, MEM 1:50 dilution br pools of Influenza Matrix peptides 
(positive controls) and cultured for 11 days in order to improve the detection of antigen- 
specific cells (Mc Cutcheon et aL 1997). The cells were then harvested, washed and 
seeded in 4 replicate wells at a density of 5 x 10 4 cells / well of a Multiscreen 96-well 
plate (Millipore, Etten-Leur, The Netherlands) coated with a IFN-y catching antibody. 
Per well, 10 5 irradiated autologous PBMC were added as APC together with 5^g/ml 
peptide. ELISPOT analysis was further performed according to the instructions of the 
manufacturer (Mabtech AB, Natcha, Sweden). Analysis of the number of spots was done 
with a fully automated computer-assisted-video-imaging analysis system (Carl Zeiss 
Vision). 



Intracellular cytokine staining (ICS) of memory T-cells 

Autologous monocytes were isolated from PBMC by adherence to a flat-bottom 48-wells 
plate during 2 hours in X-vivo 15 medium (Bio Whittaker, Verviers, Belgium) at 37°C, 
and then used as APC. CD45RO+ cells were stimulated for 11 days with peptide, then 
harvested, washed and suspended in IMDM + 0.1% BSA at a concentration of 1.5 x 10 6 
cells/mL 200fil of cell suspension was added to the monocytes + 200^1 of 10ng/ml 
HPV16-E2 peptide (stimulated) or 200jd of medium (non-stimulated control). After 1 
hour of incubation at 37°C, 800jd of IMDM + 10%FCS + 12.5jig/ml Brefeldin A (Sigma) 
was added and cells were incubated for another 5 hours. The cells were then harvested, 
transferred into a V-bottom 96-wells plate, washed twice with ice-cold PBS and fixed 
with 50fil paraformaldehyde 4% for 4 minutes on ice. Following fixation, the cells were 
washed once with cold PBS and once with PBS/NaAz 0.2%/BSA 0.5%/Saponin 0.1%. 
This was followed by an incubation in 50jd PBS/NaAz 0.2%/BSA 0.5%/Saponin 
0.1%/FCS 10% for 10 minutes on ice. Cells were washed twice with PBS/NaAz 
0.2%/BSA 0.5%/Saponin 0.1% and supernatant was removed before 25^1 of PBS/NaAz 
0.2%/BSA 0.5%/Saponin 0.1% containing Ijd FITC-labelled mouse-anti-human IFN-y 
(0.5 g/ml, BD Pharmingen, cat.no. 554551) 2fil PE-labelled anti-CD4 (ED Bioscience, 
cat.no. 345769), and 2fd PerCP-labelled anti-CD8 (BD Bioscience cat.no. 347314) was 
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added. Following 30 minutes of incubation at 4°C, the cells were washed, suspended in 
100fil paraformaldehyde and analysed by flowcytometry. 

Homology search in protein database 

The search for sequence homology of the overlapping HPV16 E2 peptides in a protein 
database (SwissProt) was performed using standard Basic Local Alignment Tool 
(BLAST: www.ncbi.n lm pnv/h1 aft t/blastcgdV Statistical significance threshold (EXPECT) 
was 10 (Altschul et al., 1997). Beported matches with > 60% aminoacid homology with 
HPV16 E2 peptides were included. 



Results 

High reactivity of healthy donor PBMC against HPV16 E2-derived peptides. 

We examined the proliferative responses of healthy donor PBMC against HPV16 E2 
protein by using an array of overlapping 30-mer peptides covering the entire E2 
sequence. Incubation of freshly isolated PBMC of 8 HLA-typed donors with each of the 
23 E2-derived 30-mer peptides showed that 4 out of 8 donors reacted to 2 or more of the 
peptides. The observed E2 peptide-specific proliferative responses were remarkably 
strong (Table IV). In all cases more than 75% of the parallel microcultures reacted 
against the stimulating peptide. For instance, in two independent experiments we 
found the peptide-specific proliferation of donor # 8 against peptides E23i-a>, E246-7B, E2si- 
i2o, E2i5m«h E227i-8oo and E2286-315 to exceeded background proliferation in 75-94% of all 
eight parallel microcultures tested. This points at the presence of a very high frequency 
of E2-specific T-cells in the PBMC isolates. In particular, PBMC of donors # 3, 5 and 8 
displayed strong responses with a broad specificity. Please note that the 30-mer 
peptides have a 15 amino acid overlap with their neighboring peptides. Consequently, 
responses against adjacent peptides (e.g. donor # 3, E23i 6o and E24*75) most likely 
involve the same epitope, whereas responses against non-adjacent peptides are directed 
against distinct epitopes. 
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Not only the frequency of responding cultures but also the magnitude of the 
proliferative responses were remarkably high. The peptide-specific proliferation of 
several cultures from donors #3, 5 and 8 exceeded background with mean stimulation 
indices ranging from 9.2-16.5 and, as such, are comparable to responses found against 
the tetanus toxoid antigen in several of the donors (#3, 4, 5 and 7; SI ranging from 13.3 
- 25; Bee Table IV). These stimulation indices clearly exceed the threshold (SI > 3) that 
is commonly used for the detection of memory T cell responses (Bermas et al., 1997). 
Please note that responses against tetanus toxoid are considerably higher in some of the 
other donors (SI > 100 in donors # 3 and 6), but that these strong values most likely 
represent very broad responses against multiple epitopes comprised by an entire 
antigen, rather than against a single 30-mer E2-peptide. Taken together, our data 
indicate that the T cell repertoire of healthy donors can contain particularly high 
frequencies of T-cells specific for the HPV16 E2 antigen resulting in vigorous 
proliferative responses, and suggest that these responses may reflect T-cell memory. 
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Table IV Immunogenicity of HPV16 E2 derived peptides. 
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E2331-365 






100% (11,4) 








75% (4,1) 




TT 


100% (29,1) 


100% (56,5) 


100% (25) 


100% (16,4) 


100% (23,5) 


100% (139) 


100% (13,3) 


100% (59) 



1 D: Donor, Eight different healthy blood donors were tested. 

2 HPV16E2 peptides are indicated by the first and last amino acid. TT is the common 
recall antigen tetanus toxoid. 

3 Peptides were scored positive, when - in both assays - the proliferation of > 50% of the 
test wells exceeded the mean proliferation +3 * SD of the control wells, and the 
stimulation index (SI) of the positive test wells over medium control wells was higher 
than 3. Only positive scores are depicted as the mean percentage of wells exceeding 
medium control + 3 * SD from the percentages found in both assays. Between brackets 
the mean stimulation index of all test wells of both assays . 



HPV16 E2-specific Th cultures recognize naturally processed epitopes. 

The proliferation data pointed at the existence of multiple immunogenic Th-epitopes 
within HPV16 E2. We performed a more detailed analysis of the nature and specificity 
of such responses, thereby focussing on the N-terminal and C-terminal region which our 
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data (Table IV) revealed to comprise several highly immunogenic peptides. The 
overlapping peptides comprised in this C-terminal region (E2271-800; E2286-315; E2soi^3o; 
E2316-346; E2 881-366) were tested for their capacity to bind to HLA-DR molecules. Each of 
the five peptides showed intermediate to strong binding to two or more of the common 
HLA-DR molecules tested (Table V), which supports the notion that these peptides can 
indeed represent class II MHC-restricted Th-epitopes. 

Table V. Binding affinity of HFV16-E2 derived peptides to different HLA-DR 
types 



Amino acid sequence 


HPV16-E2 


DR1 


DR2 


DR3 


DR4 


FNSSHKGRINCNSNTTPIVHLKGDANTLKC 


271-300 


22 


65 


37 


>70 


T PIVHLKGDANTLKCLRYRFKKHCTLYTAV 


286-315 


8 


68 


20 


>70 


LRYRFKKHCTLYTAVSSTWHWTGHNVKHKS 


301-330 


6 


8 


>70 


10 


SSTWHWTGHNVKHKSAIVTLTYDSEWQRDQ 


316-345 


6 


55 


30 


>70 


AIVTLTYDSEWQRDQFLSQVKIPKTITVSrGFMSI 


331-365 


8 


20 


10 


15 



Binding affinity of each peptide is expressed as the IC50 value: this is the peptide 
concentration (fiM) at which binding of the standard fluorescence labeled peptide is 
reduced to 50% of its maximal value. >70 represents undetectable binding 

Subsequently, long-term E2-specific Th cultures were generated through stimulation of 
PBMC from HLA-typed healthy blood donors at weekly intervals with either peptides 
E2271-800 and E2288-315, peptides E2soi-s3o and E2si6-345, or with peptide E2 asi-365 or with 
peptide E246-75. PBMC from 2 donors showed strong peptide-specifLc proliferative 
responses against one or more of the stimulating peptides (data not shown). Through 
cloning via limiting dilution of these cultures, we succeeded in the isolation of stable T 
cell clones, uniformly displaying a CD4+CD8* phenotype, against six distinct peptide- 
epitopes. Two of these Th clones were established from HLA-DR15(2)- , -DQ6(1)- PBMC 
stimulated with E2soi-33o and E28is-845. Although both Th-clones recognized E2soi-83o, in 
depth analysis of the specificity of these Th-clones revealed that they recognized 
distinct, yet overlapping, sequences, restricted by different class II HLA molecules. One 
of the clones recognized peptide E23ie-33o in the context of HLA-DR15(2), whereas the 
other clone was specific for peptide E2su^25 in the context of H1A-DQ6(1) (Figures 5, 
6). The two other Th-clones were similarly related, in that one recognized peptide E2a4e- 
855 in the context of DR15(2), whereas the other reacted against E2s6i-365 in a DR1- 
restricted manner (Figures 7, 8). Notably, these data are in correspondence with the 
peptide binding data in Table V, in that longer variants of these DR15(2) and DR1- 
restricted epitopes were indeed found to bind to the restricting HLA molecules (binding 
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assay not available for HLA-DQ6). In addition, two clones were found to react to peptide 
E246-7B, one reacted against peptide E2bi-7o in a HLA -DR4 restricted manner and the 
other clone reacted against peptide E261-75. (Figure 15) 

Further evidence that the four E2 peptides identified represent physiologically relevant 
Th epitopes is provided by the fact that the E2-specific Th clones did not only respond 
against peptide-loaded APC, but also specifically responded against APC that were 
pulsed with the E2 protein (Figures 5-8). Because in the latter case presentation of the 
peptide epitopes depends on uptake and processing of the E2 antigen, and not merely on 
exogenous loading of class II molecules at the APC cell surface, these data provide 
definite proof that the four E2 peptides recognized by our Th clones correspond to 
naturally processed epitopes. Finally, all four Th-clones produced IFN-y upon antigenic 
stimulation, which is indicative of a Th-type 1 cytokine profile. Taken together our data 
show that the T cell repertoire of healthy individuals harbors IFN-y-secreting E2- 
specific CD4 + Th cells (Figures 5-8). 

Detection of HPV16 E2 specific memory Th-cells in healthy individuals 

The strikingly frequent detection of HPV16 E2-specific Th immunity in healthy 
individuals, as described in the first paragraph, prompted us to analyse whether the 
underlying T cell repertoire would represent immunological memory as a the result of 
previous encounter with antigen, or whether it would primarily consist of particularly 
abundant naive T cell precursors specific for this antigen. In view of the high incidence 
of, generally transient, genital HPV infections in young sexually active individuals 
(Karlsson et aL, 1995; Koutsky et aL, 1997; Ho et aL, 1998), as well as the prominent 
expression of E2 during HPV infection, it seems conceivable that T cell memory against 
E2 is to be found in healthy subjects. We examined the nature of the HPV16 E2-specific 
immunity detected by us through analysis of the E2-specific reactivity of the CD45RO+ 
fraction of healthy donor PBMC, which contains antigen-experienced T-cells but is 
devoid of their naive counterparts (Young et al., 1997). Because we found the T cell 
repertoire of healthy donors to contain IFNy-producing Th cells (Figures 5-8), we 
measured the antigen-specific T-cell responses through IFNy ELISPOT. We first 
analysed the reactivity of CD45RO T cells of two healthy donors while focusing our 
attention on a selection of E2 peptides which on basis of our previous experiments 
(Table IV) appear to be localized in the most immunogenic regions of HPV16 E2. 
Interestingly, these CD45RO+ PBMC were found to respond against multiple E2 
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peptides (Figure 9 a,b), supporting the notion that healthy subjects can display 
HPV16E2-specific T cell memory. We confirmed that the responding IFNy -producing 
cells belonged to the CD4 + Th cell subset by employing IFNy intracellular cytokine 
staining instead of EUSPOT as a readout (not shown). A broader survey of E2-specific 
reactivity against the full array of peptides, using CD45RO PBMC from 8 additional 
healthy donors, revealed that 4 of these PBMC isolates responded against one or more 
of the HPV16 E2 peptides (Figure 9 c-f and not shown). Taken together, our data reveal 
the presence of CD45RO memory-type, IFNy secreting Th cells reactive against HPV16 
E2 peptides in approximately half of the healthy donors tested. Notably, the incidence 
by which these responses are detected is very similar to that of the strongest subset of 
proliferative responses found in total PBMC (Table IV), implicating that also these 
responses are likely to represent reactivity by memory T cells rather than by in vitro 
primed naive T cells. 

Cross-reactivity of HPV1 6 E2 specific Th-clones with peptide sequences of other HPV 
types 

Due to the common nature of HPV infections, a majority of the human population is 
likely to encounter multiple HPV types (Thomas et aL 2000; Koutsky et al. 1997). 
Furthermore, the protein sequences of the viral gene products are conserved to 
considerable extend between HPV types. It is therefore possible that at least a fraction 
of the T cell repertoire induced by a previous encounter with a given type of HPV could 
cross-react, and therefore cross-protect, during subsequent infection with other HPV 
types. Alignment of the sequence of the HPV16 E2 protein with that of various other 
HPV types revealed that it is most prominently conserved with that of other high risk 
types. Although this conservation is somewhat less conspicuous when the HPV16 E2 
sequence is compared to that of low risk or common types it is evident that in all cases 
maximal conservation is confined to certain regions within the E2 sequence. In 
particular, three areas of HPV16E2 share homology with E2 of other HPV types: the N- 
terminal portions E2sm2o and E2i5i-i95 as well as the C- terminal portion E2271-866. These 
regions co-localise with the major functional domains of E2, in that the N-terminal 
domain harbours the transcriptional activation functions of this protein whereas the C- 
terminal portion mediates its sequence-specific DNA-binding properties. The 
intervening sequences ranging from residues 210 to 270 constitute the so-called hinge- 
region connecting the two key functional domains, which is poorly conserved between 
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HPV types. Interestingly, our analyses of E2-specific responses in short-term 
proliferation assays have revealed that the most immunogenic peptides are clustered in 
the two conserved domains of the HPV16 E2 sequence (see Table IV). In view of these 
considerations, we tested whether our established Th clones, raised against epitopes 
derived from the C-terminal part of the HPV16 E2 sequence (Figure 5-8), would be 
capable of cross-reacting with E2 peptides of a number of other HPV types that shared 
maximal homology with HPV16 with respect to this particular E2 sequence. Indeed, the 
DQ6~restricted E23n-325H3pecific Th-clone showed strong recognition of the 
corresponding peptides of HPV types 26, 31, 35 and 45 (not shown). The amino acid 
homology within this epitope varies from 73 to 87% (identical or amino acids with 
similar physico-chemical properties). Our other Th clones did not reveal considerable 
cross-reactivity for highly homologous E2 peptides of other HPV types (not shown). 
These data indicate that part of the HPV16 E2-reactive Th memory detected in our 
assays may relate to encounter of HPV types other than HPV16, but also suggest that 
the majority of this immune repertoire was most likely established through encounter 
with HPV16 itself 

Example 3 

Material and Methods 
Subjects and Controls, 

PBMC of anonymous healthy blood bank donors (D) were obtained. Since these donors 
are anonymous, no additional data is available. However, donors with a known recent 
history of infection, including abnormal pap-smear, were, as part of normal regulations, 
discouraged to donate blood. 

The study of subjects (S; Table U) with CIN or cervical carcinoma in this paper was 
nested in the "CIRCLE study that investigates cellular immunity against HPV16 
infected cervical lesions. Women presenting with histologically proven CIN IE or 
cervical carcinoma at the department of gynecology of the Leiden University Medical 
Center (LUMC) were, after informed consent, enrolled in this study. The study design 
was approved by the ethics committee of the LUMC. Blood was drawn at day of 
treatment. Subjects with CIN IH were treated by LEEP or cold knife conization. In 
case of stage IB-DA a radical hysterectomy was performed. Subjects were typed for 
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HPV16 using HPV16-specific primers on DNA isolated from paraffin-embedded sections 
of biopsies or surgical resection specimens (Claas et oi., 1989). Since HPV-specific T- 
helper response were expected to be found in subjects with progressive disease (de 
Gruijl et aL, 1998), we chose to analyze subjects with stage IB cervical cancer. 
Antigens. 

The peptides used spanning the E6 protein consisted of 15 overlapping 22-mer peptides 
and are indicated by their first and last amino acid in the protein (e.g. 1-22, 11-32, 21- 
42, 31-52, 41-62, 51-72, 61-82, 71-92 and so forth, the last peptide consists of amino acid 
137-158). Peptides were synthesized and dissolved as described previously (van der 
Burg et al, 1999). 

Memory Response Mix (MEM): A mixture of tetanus toxoid (1 LF/ml; National Institute 
of Public Health and the Environment, Bilthoven, The Netherlands) and Mycobacterium 
tuberculosis sonicate ( 2.5jig/ml; generously donated by Dr. P. Klatser, Royal Tropical 
Institute, The Netherlands ) was used to control the capacity of PBMC to proliferate in 
response to typical recall antigens. 

Analysis of antigen-specific T-cells by ELISPOT. 

PBMC were seeded at a density of 2 x 10 6 cells/well of a 24 well plate (Costar, 
Cambridge, MA) in 1ml of ISCOVE's medium (Gibco) enriched with 10% FCS, in the 
presence or absence of 5jig/mlof indicated E6-derived 22-mer peptide. As positive 
control PBMC were cultured in the presence of indicated pools of influenza A/PR/8/34 
Ml protein derived peptides consisting of 4 overlapping 30 amino acid long peptides in 
each pool. 

In case CD45RO+ cells were used the CD45RO+ cells were seeded at a density of 10 6 
cells/well in a 24-wells plate (Costar) in 1ml of DMDM supplemented with 10% FCS 
together with indicated single or pools of peptides at a concentration of lOjig/ml/peptide. 
Following 4 days of incubation at 37°C, PBMC were harvested, washed and seeded in 
four to six replicate wells at a density of 10 5 cells/well of a Multiscreen 96-well plate 
(Millipore, Etten-Leur, The Netherlands) coated with a IFNy catching antibody 
(Mabtech AB, Nacha, Sweden). The ELISPOT was further performed according to the 
instructions of the manufacturer (Mabtech). The number of spots were analyzed with a 
fully automated computer assisted video imaging analysis system (Carl Zeiss Vision). 
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Specific spots were calculated by subtracting the mean number of spots + 2xSD of the 
medium only control from the mean number of spots of experimental wells. Antigen- 
specific T-cell frequencies were considered to be increased compared to non-responders 
when T-cell frequencies were = 1/10,000 PBMC. 

Isolation of the CD45RO+ memory fraction of PBMC 

Memory cells (CD45RO+) were isolated freshly from buffycoats by MACS after 
incubation with CD45RO microbeads (cat. no. 460-01, Miltenyi Biotec, Germany) 
according to the instructions of the manufacturer. The purity of the obtained CD45RO+ 
fraction was > 95% as determined by flowcytometry after surface staining for CD45RO 
and CD45RA (CD45RA-FITC, cat. no. 347723, CD45RO-PB, cat. no. 347967, Becton 
Dickinson Biosciences, USA). 

Results 

In view of the high incidence o£ generally transient, genital HPV infections in young 
sexually active individuals (Karlsson et al., 1995; Koutsky et aL, 1997; Ho et al., 1998), 
as well as the prominent expression of HPV16 E2-specific immunity (see example 2) in 
about half of the healthy subjects tested, we studied the natural, in vivo induced, 
HPV16 E6-specific response in the human population by means of the 4-day IFNy - 
E1ISPOT assay. This assay detects only memory T helper-cells, which upon stimulation 
will secrete IFNy whereas their naive counterparts will not (see example 1 and 2 and 
references therein). A survey of E6-specific reactivity against the full array of peptides 
present in PBMC from 18 healthy blood donors, revealed that 11 of these 18 (>60%) 
PBMC isolates responded against one or more of the HPV16 E6 peptides (Table Via). 
The majority of the responses were found at the C-terminal end of E6 (E6sm68). 
Furthermore, all healthy donors reacted against the common recall antigen influ enza 
matrix 1 protein. The frequency of both influenza Ml and HPV16 E6-specific T-helper 
cells were of comparable magnitude. Interestingly, a similar survey in HPV16+ patients 
revealed that only 3/12 (25%) reacted against HPV16 E6 peptides indicating that the E6 
response found in healthy subjects is protective against disease. 
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Table VI. Detection of HPV16 £6-specific T-helper reactivity in healthy donor 
PBMC. 



Donor 1 


1*2* 


11-32 


21-42 


31-62 


41-62 


S1-72 


61-82 


71-02 


81-102 


91-112 


101-122 


111-132 


121-142 


131-162 


137-158 


M1P1 


M1P2 


MIPS 


M1P4 


1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


16 


<1 


<1 


2 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


4 


2 


26 


12 


7 


3 


<1 


4 


<1 


3 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


3 


8 


18 


4 


30 


7 


19 


<1 


4 


<1 


<1 


<1 


10 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


22 


15 


14 


10 


5 


<1 


5 


1 


1 


2 


9 


5 


7 


6 


10 


2 


8 


5 


8 


1 


7 


10 


12 


37 


6 


3 


34 


<1 


9 


<1 


<1 


2 


<1 


11 


14 


6 


12 


10 


<1 


6 


<1 


33 


41 


5 


7 


<1 


2 


1 


<1 


<1 


<1 


<1 


<1 


2 


14 


<1 


<1 


1 


3 


14 


6 


21 


57 


28 


8 


4 


4 


<1 


<1 


9 


<1 


<1 


<1 


12 


14 


3 


6 


7 


3 


<1 


27 


38 


34 


16 


9 


2 


<1 


7 


3 


<l 


<1 


4 


<1 


<1 


3 


<1 


<1 


3 


<1 


<1 


22 


10 


14 


4 


10 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


7 


<1 


<1 


13 


23 


19 


11 


11 


2 


<1 


<1 


2 


<1 


<1 


<1 


7 


3 


4 


2 


15 


10 


27 


17 


33 


28 


24 


62 


12 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


1 


<1 


<1 


<1 


14 


iS 


<1 


5 


10 


12 


<1 


13 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


1 


<1 


<1 


<1 


<1 


<1 


1 


21 


14 


5 


5 


<1 


10 


5 


<1 


2 


20 


12 


5 


28 


18 


37 


40 


2 


12 


42 


28 


45 


15 


18 


16 


4 


15 


2 


1 


<1 


3 


12 


21 


8 


11 


8 


<1 


<1 


52 


68 


64 


5 


16 


<1 


<1 


L <1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


39 


66 


49 


48 


17 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<\ 


<1 


<1 


<1 


4 


3 


<1 


66 


18 


<1 


<1 


<1 


<1 


4 


<1 


<1 


<1 


2 


<1 


<1 


11 


1 


1 


<1 


<1 


1 


10 


<1 



1 18 different healthy blood donors were tested. 
2 First and last amino acid number of HPV16 E6-derived peptides are indicated. M1P1 - 
M1P4 are the four different pools of 4, by 15 residues overlapping, 30-amino acid long 
peptides derived from influenza A matrix 1 protein (inf A/PR/8/34). 
8 Indicated are the number of specific spots per 100,000 PBMC. Specific spots are 
calculated by subtracting the mean number of spots + 2xSD of the medium control from 
the mean number of spots after stimulation with peptide. Numbers in bold indicate T- 
cell frequencies ^ 1/10,000 



Table VIb- Detection of HPV16 E6-specific T-helper reactivity in HPV16+ 
patients. 



patient 


1-22 


11-32 


21-42 


31-62 


41-62 


61-72 


61-82 


71-82 


81-102 


81-112 


101-122 


111-132 


121-142 


131-162 


137-158 


M1P1 


M1P2 


fcf1P3 


M1P4 


C40 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


1 


<1 


<1 


<1 


<1 


<1 


<1 


3 i 


C41 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<l 


2 


<1 


<1 


<1 


<1 


<1 


<1 


10 


<1 


C43 


<1 


<1 


<1 


<1 


■cl 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


*1 


<1 


<1 


<1 


<1 


4 


<1 


C47 


<t 


<1 


<1 


28 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


13 


<1 


«1 


<1 


<1 


<1 


COT 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


2 


<1 


-!1 


22 


<1 


<1 


2 


62 


30 


C5B 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


C63 


<1 


<1 


<1 


<1 


<t 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


1 


<1 


<1 


C60 


<1 


<1 


«1 


<1 


<l 


11 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


31 


<1 


13 


<1 


C73 


<1 


<1 


<1 


<1 


2 


1 


<1 


3 


4 


5 


<1 


8 


7 


7 


8 


5 


2 


4 


2 


C7B 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<i 


<i 


<1 


<1 


<1 


<1 


<1 


15 


<1 


ceo 


<1 


<1 


<1 


<1 


<1 


<1 


1 


1 


2 


<1 


i 


1 


<1 


2 


<1 


7 


2 


7 


1 


C91 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<1 


<i 


<1 


<1 


<1 


<1 


3 


2 


<1 


<1 
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To confirm our observation that HPV16-specific memory T-cells were present in a large 
fraction of the human population we isolated the specific CD45RO+, memory fraction of 
PBMC before they were subjected to stimulation with HPV16 E6 peptides. After a 4- 
days of stimulation a clear response to HPV16 E6 could be detected. Taken together, 
our data reveal the presence of CD45RO memory-type, IFNy secreting T helper cells 
reactive against both HPV16 E6 peptides in approximately half of the healthy donors 
tested. 

Furthermore, PBMC of two different HIA-DRl positive blood donors were stimulated 
with a pool of two long 35-mer peptides that together covered E6 109-158. PBMC of 
these donors proliferated specifically against peptide E6 121-142 and peptide E6 127- 
158 as well as E6 protein. A CD4+ T-helper clone derived from one of these bulks was 
analyzed further and specifically proliferated and produced IFNy when stimulated with 
HPV16 E6 peptide and HPV16 E6 protein in a HLA-DRl restricted manner (Figure 16). 

Conclusions 

Through analysis of the IFNy -responses in PBMC cultures from healthy subjects 
against the HPV16 E6 antigen we have demonstrated that this protein contains highly 
immunogenic peptide sequences to which strong T cell reactivity is detected in 
approximately half of these donors. Subsequent testing of the CD45RO+ memory 
fraction of healthy donor PBMC revealed that these HPV16 E6-specific IFNy -secreting 
CD4 + T cells were present in the T-cell memory fraction of PBMC and thus have been 
primed in vivo upon encounter with HPV. A similar survey demonstrated that HPV16 
E6-specific IFNy secreting T-cells were almost absent in HPV16+ patients. Taken 
together, our data demonstrate that the T cell repertoire of a majority of the healthy 
subjects contains particularly high frequencies of memory type 1 cytokine producing T 
helper cells reactive against the HPV16 E6 antigen and indicates that these are 
protective against disease. 

Importantly, we have not found any previous report concerning the presence of memory 
T-cell responses against E2 and E6 or any of the other non-structural HPV16 proteins 
in healthy individuals. In feet, healthy individuals served in many cases as negative 
control for the culture conditions used. We have now shown, in two independent studies 
(example 2 and example 3), that healthy donor derived PBMC contain HPV16-specific 
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T-helper cells. The majority of the T-helper responses are directed against specific 
regions in E2 and E6. The presence of these memory type T-helper cells show that these 
individuals have encountered HPV16 infection, responded to it via the cellular T-cell 
arm of the immune system and cleared the infection. This implies that the T-cell 
response to these antigens is a part of the protective response to HPV infection. 
Induction or boosting of these type of responses can therefore be a poweful tool in the 
protection against HPV induced diseases. 

Material & Methods 

Male C57/B16 mice (n=8 per group) were vaccinated with either 10 fig of the exact E1A- 
derived CTL epitope (SGPSNTPPEI) or with 30jig of the HPLC-purified 32-amino acid 
long peptide EECNSSTDSCDSGPS^m^EZHPVVIUXPIKP containing this CTL 
epitope. Peptides were dissolved in PBS and mixed in a 1:1 ratio with IFA Mice were 
vaccinated subcutaneously with peptide in a volume of 200^1 at day 1. Fourteen days 
later mice were challenged with 0.5x10 s AR5 tumor cells (E1A + Ras transformed 
mouse embryo cells). Survival of mice was monitored during a 100 day follow-up. 

Results 

Vaccination with synthetic peptides representing cytotoxic T lymphocyte (CTL) epitopes 
can lead to a protective CTL-mediated immunity against tumors or viruses. B6 tumor 
cells transformed by the human adenovirus early region 1 (Ad5El) present an Ad5ElA- 
and an Ad5ElB-encoded CTL epitope to the immune system. CTL clones directed 
against either of these epitopes are able to eradicate established Ad5El-induced 
tumors, showing that these CTL epitopes are targets of CTL that can mediate tumor 
regression. Protective immunity against Ad5El-expressing tumor cells can be 
established by immunisation with AdSEl-transformed cells and with an adenovirus 
vector containing the Ad5El region. Protective immunity, in either case, is associated 
with specific CTL memory. When, however, mice were vaccinated with either the 
minim al peptide-epitope sequence of the ElA-derived CTL epitope or the minimal 
peptide-epitope sequence of the ElB-derived CTL epitope protection against Ad5Al- 
expressing tumors was lost. 
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Vaccination with a CTL epitope derived from the human adenovirus type 5 ElA-region 
(Ad5ElA234-243), enhances rather than inhibits the growth of Ad5ElA-expressing 
tumors. In contrast to peptide vaccination, immunization with adenovirus, expressing 
Ad5ElA, induced Ad5ElA-specific immunity and prevented the outgrowth of Ad5ElA- 
expressing tumors. These results show that immunization with synthetic peptides can 
lead to the elimination of anti-tumor CTL responses (Toes et aL, 1996a). Furthermore, 
vaccinated mice s.c. with a low dose of the AdSElB peptide also showed this adverse 
reaction. The Ad5ElB peptide was chosen because the CTL response against the 
Ad5E IB-encoded CTL epitope contributes most to the antitumor response in B6 mice 
after vaccination with Ad5El-transformed cells. AdSElB peptide-vaccinated mice were 
not protected against the outgrowth of Ad5El-expressing tumor cells, but instead were 
no longer able to reject a tumor inoculum that was rejected by nonvaccinated mice. 
Moreover, the protection induced by tumor cell vaccination against Ad5ElB-expressing 
tumors was gone when the Ad5ElB-encoded CTL epitope was injected a few days before 
tumor challenge. This is associated with peptide-induced tolerance of AdSElB-specific 
CTL activity (Toes et aL 1996b). 

In conclusion, immunization with synthetic peptides of the exact CTL epitope length, 
can also lead to CTL tolerance associated with the inability to reject tumors. 
The issue of tolerance or functional deletion of CTL by immunization with minim a] 
epitopes is circumvented by the use of long peptide (22-35 amino acid residues). To proof 
this statement we vaccinated C57/B16 mice with a 32-amino long ElA derived peptide 
that contains the 10 amino acid long CTL ElA-derived epitope, which when given as the 
exact peptide-epitope is involved in loss of tumor-protection. As shown in FIG. 10, 
control mice (n=8) that have been vaccinated with the exact peptide-epitope 
SGPSNTPPEI, all die within 50 days after tumor-challenge. In contrast, the group of 
mice vaccinated with the 32-amino acid long peptide all live at 50 days and only one 
mouse is lost during the 100 day follow-up. 

Conclusion 

For a clinically relevant approach of immunizing subjects against virally infected cells 
or tumor cells both specific T-helper cells and CTL should be induced. We have already 
shown that immunization with minimal CTL epitopes results in protection against 
tumors in some models (Kast et aL 1991, Feltkamp et aL 1993) whereas it can also lead 
to tolerance or functional deletion of virus- and tumor-specific CTL that when otherwise 
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induced are protective (Toes et al. 1996ab). Processing of exogenous antigens for 
presentation by MHC class I molecules by cross-priming as well as by other 
mechanisms is now widely recognized second pathway of processing for presentation by 
MHC class I, next to the well known endogenous route (Jondal et al, 1996 , Reimann et 
al. 1997). We have now shown that in contrast to vaccination of mice with the exact 
peptide-epitope, vaccination with long peptide sequences containing CTL epitopes does 
not result in the loss of CTL that are involved in the protection of mice against tumors 
but instead result in a CTL mediated immune response that protects mice against a 
subsequent tumor-challenge. 



Example 5 

Mice and cell lines* C57BIV6 (B6, H-2 b ) mice were obtained from IFFA Credo (Paris, 
France). MHC class B6 mice were purchased from Taconic (USA) and CD4&' B6 
mice were obtained from The Jackson Laboratory (Maine, USA). Tumor cell line TC-1 
was generated by transfection of Mouse Embryo Cells (MEC) of C57BL/6 origin by HPV 
16 E6/E7 and c-H-ras oncogenes. Tumor cell line 13.2 was derived from MEC (B6) 
transformed with adenovirus type 5 derived El protein in which the H-2D b E1A epitope 
was replaced with the HPV 16 E7 48 - 67 CTL epitope. Dl cells are long-term growth factor 
dependent immature splenic dendritic cells (DC) derived from C57BL/6 mice. 

Peptides. The HPV16 E7-derived peptides E74&-67: RAHYNIVTF and E743-77: 
GQAEPDRAHYNIVTFCCKOT were synthesized by solid phase 

strategies on an automated multiple peptide synthesizer (Abimed AMS 422, Langenfeld, 
Germany). The peptides were analyzed by reverse phase HPLC for contaminants and 
stored at -20°C. 

Tetramers and antibodies. PE-labeled H-2D b epitope E7 49 - 57 (BAHYNIVTF)- 
containing tetramers were constructed and used for the analysis of pep tide-specific 
CTL-immunity. FITC labeled anti-CD8b.2 Ab (Ly-3.2) (clone 53-5.8), APC labeled anti- 
CD4 Ab (L3T4) (clone EM4-5) and PE labeled anti-IFN-y Ab (clone XMG1.2) (BD 
PharMingen, San Diego, USA) were used in the various FACS procedures. 
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Adjuvantia. IFA (incomplete Freund's adjuvant) waB obtained from Difco Laboratories 
(Michigan, USA). Montanide ISA 51 was purchased from SEPPIC (Paris, France). CpG- 
oligodeoxynucleotides (ODN) 1826 were kindly provided by Dr. G.B. Iipford, Technical 
University of Munich (Munich, Germany). GM-CSF was obtained from PeproTech 
(Rocky Hill, USA). The FGK-45 hybridoma cells producing stimulatory anti-CD40 Ab 
were provided by A. Rolink. MPL was kindly provided by Dr. M. Johnson, Eibi 
Immunochem. Research (Hamilton, USA). 

Immunization strategies. C57BL/6 mice were injected subcutaneously with either 50 
Hg E7 49 * 57 peptide or 150 \ig E7 43 - 77 35-mer dissolved in PBS in order to achieve similar 
molar levels of the E7 49 " 57 CTL epitope in both cases. Combinations with various 
adjuvantia were tested. In the case of IFA and Montanide, the dissolved peptides were 
emulsified in 50% of these respective substances. ODN-CpG (50 ^g/mouse), MPL (10 
Hg/mouse) and GM-CSF (4 jig/mouse) were all dissolved in PBS and mixed with the 
peptides before subcutaneous vaccination. The total injected volume was 200 id/mouse. 
Anti-CD 40 Ab was dissolved in PBS and injected separately from the peptides 
intravenously on day 0, 1 and 2 at an amount of 100 \ig per injection (total volume 200 
fil/mouse) . Either spleens were harvested after 10 days or, when indicated, mice were 
boosted with identical vaccines 50 days after priming and spleens were harvested 10 
days after booster immunization. In the case of the 35-mer E7 43 " 77 , the latter strategy 
might allow the formation of memory CTL- and T helper cells after the first vaccination 
and activation of DC by HPV16 E7 48 * 77 specific T helper cells when the booster 
immunization was given. In the therapeutic anti-tumor experiments, tumor-bearing 
mice were vaccinated twice: at the time that tumors were palpable in all mice and 14 
days later. 

T cell cultures. T cells were obtained from immunized mice by culturing spleen cells 
(SxlO 6 cells/well of a 24-wells plate) in complete medium in the presence of 0.5x10 s E7 4 * 
57 -expressing cells (tumor cell line 13,2) or, when indicated, in the presence of Dl cells. 
Before use, the Dl cells were incubated for 16 hours with the E7 43 * 77 35-mer and 
subsequently activated by adding LPS (10 jig/ml) for 6 hours and then thoroughly 
washed. Complete medium consists of Iscove's Modified Dulbecco's Medium (IMDM; 
BioWhittaker, Walkersville, MD, USA) supplemented with 8% FCS, 100 lU/ml 
penicillin, 2mM glutamine (ICN, Aurora, Ohio, USA) and 30 \M 2-ME (Merck, 
Darmstadt, Germany). Cultures were maintained at 37°C in h umidifie d air containing 
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5% CO2. No exogenous IL-2 was added. On day six, dead cells were removed from the 
culture by centrifugation over a Ficoll density gradient and remaining cells were seeded 
in 24-wells plates at lxlO 6 cells/well. On day seven tetramer staining or intracellular 
cytokine staining was performed. 

Tetramer staining* Spleen cultures, stimulated with tumor cell line 13.2 for seven 
days, were transferred at an amount of 40X10 4 per well to 96-well V-bottom microtiter 
plates and washed twice with PBS/BSA 0.5%. Subsequently, PE-labeled E? 49 ^ 7 - 
containing tetramer was added. After 30 minutes of incubation at room temperature, 
cells were washed twice with PBS/BSA 0.5% and incubated with FTTC-labeled anti- 
CD8b Ab for 30 minutes. Subsequently cells were washed twice in PBS/BSA 0.5%, 
suspended in PBS/BSA 0.5% containing Propidium Iodide (PI) (0.5jig/ml) and 
transferred to tubes. Cell samples were analyzed in a FACSCalibur flow cytometer 
(Becton Dickinson, San Jose, CA, USA) using CellQuest software. A total of 20x10* 
events was analyzed for fluorescence intensity. Debris was gated out using the PI 
staining and subsequently the CD8+ fraction was gated. Mean background tetramer- 
staining of similarly cultured and stained cells from non-immunized control mice was 
found to be below 1 percent of CD8 + cells (0,94%, standard deviation 0.36%). As a 
positive control the HPV16 E7 specific CTL clone 9.5 was used. 

Intracellular cytokine staining. Spleen cultures were stimulated with Dl cells 
pulsed with E7 48 " 77 35-mer for seven days. Subsequently, the percentage of CD8 + and 
CD4+ IFN-y producing T cells was measured as described before (van der Burg et aL, 
2001). Notably, LPS-activated non-pulsed Dl cells or Dl cells pulsed with ET^or E7 43 - 
77 35-mer (5 |!g/ml) were used as stimulator cells. 

Results 

Prime-boost vaccinations with the E7 4S -™35 amino acid long HPV16 E7 T 'helper- and 
CTL epitope containing peptide result in a vigorous CTL response. 
Mice (B6) were vaccinated once with either the minimal CTL epitope HPV16 E7 49 " 57 or 
the HPV16 E7 4 * 77 35-residue long peptide, admixed with IFA. Ten days following 
vaccination spleens were harvested and stimulated in vitro for 1 week. Subsequently, 
the percentage of E7 4WJ7 peptide-specific CTL was determined by H2-D b E7 49 ^ 7 
(EAIIYNIVTF)-tetramer staining (van der Burg et ol., 2001). In both groups 3 out of 9 
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mice responded to the vaccine while generally 5 percent of the CD8+ T cells stained with 
tetramers (Figure 11A-B), suggesting that the vaccines do equally well when injected 
once. 

To obtain a vigorous ET^-specific CTL response, both vaccines were used in a prime- 
boost regimen, which allowed primed T cells to form memory T cells before the response 
was boosted by a second vaccination 50 days later. Mice that received twice the minimal 
CTL epitope, showed CD8 + T cell responses that were comparable to that after one 
vaccination (Figure HQ. In contrast, mice primed and boosted with the long peptide 
displayed a vigorous E7 4 * 57 -specific CTL response in 9/11 mice, with high numbers of 
E7^67. speci fi c CD8* T cells (mean 19%, range 5-40%) (Figure 11D). These experiments 
demonstrate that vaccination with the long peptide in a homologous prime-boost 
regimen is superior to vaccination with the minimal CTL epitope and this indicates that 
the formation of T helper cells, by the intrinsic T helper epitope present in the long 
peptide, contributes considerably to the level of the CTL responses. 



The vigorous E7 4 ±& -specific CTL response is dependent on MHC class Unrestricted T 
helper cells and CD40-CD40L interactions. 

In order to demonstrate that the impressive CTL responses, detected following prime- 
boost vaccinations with the long E7 48 * 77 peptide, were in fact enhanced by MHC class II- 
restricted E7-specific T helper cells, MHC class mice were prime-boosted with the 
long peptide vaccine. The number of E7 4JMJ7 -specific CTL detected in the MHC class JI+ 
mice was far lower than found in B6 mice after two vaccinations, and comparable to 
that found after one vaccination (Figure 11E). To confirm that CD4 + T helper cells are 
already induced after priming, mice were vaccinated once with the long peptide in IFA. 
Subsequently the percentage of E7 43 " 77 -specific EFN?-producing CD4 + T cells was 
measured by intracellular cytokine staining. Whereas no responses over background 
were observed in naive mice (data not shown), 5 percent or more of the CD4 + T cells 
from vaccinated mice specifically responded upon stimulation with the long E7 43 " 77 
peptide (Figure 12A). These data not only indicate that MHC class H restricted CD4 + T 
helper type 1 responses are induced after one vaccination but also that these E7 43 - 77 
peptide-specific T helper cells are required for inducing vigorous CTL responses. 
Professional APC, that process and present the long peptide upon the booster 
immunization, are activated through CD40-CD40L interactions by E7 43 - 77 peptide- 
specific T helper cells. This will subsequently lead to enhanced CTL activation. 
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Single vaccinations with the E7 43 ~ 77 peptide and DC-activating agents result in vigorous 
T helper- and CTL responses towards HPV1 6E7. 

If the T helper-mediated activation of professional APC is important for the observed 
vigorous CTL response, direct activation of DC should bypass a lack of T cell help and a 
single vaccination should be sufficient to raise adequate CTL responses. To address this 
subject, B6 mice were vaccinated once with the long peptide or the minimal E7 49 " 57 
peptide in combination with various DC-activating agents. IFA and Montanide - a 
human grade IFA - were used as controls. As with IFA (Figure 11A-B) no responses 
were observed when Montanide adjuvant was administered (data not shown). 
Furthermore, mice vaccinated with either the minimal CTL epitope or the long peptide 
combined with anti-CD40 antibody or GM-CSF displayed no or minimal CTL responses 
(Figure 13A-B). However, the combination of GM-CSF and IFA resulted in moderate 
E7 4 ^ 57 -specific CTL responses when the long peptide was administered (Figure 13C). 
Mice receiving the minimal peptide mixed with MPL or ODN-CpG showed clear-cut 
CTL responses in several mice (Figure 13D-E) although the number of responders was 
not increased (4/9 and 4/12 mice respectively) compared to mice vaccinated with IFA 
(Figure 11A). In contrast, vaccination with the long peptide resulted in ET^^-specific 
CTL responses in all mice. Moreover, the level of the CTL response detected was high 
(up to 40% of CDS*' T cells) in the majority of animals. In addition, a single vaccination 
with the long peptide and ODN-CpG resulted in even higher numbers of ET^^-specific 
IFNy-producing CD4 + T cells (15 to 20% of CD4+ T-cells) when compared to the use of 
IFA as adjuvant (Figure 12B). To demonstrate that the induced responses were indeed 
T helper cell independent, MHC class IF" mice were vaccinated with the long peptide 
and ODN-CpG. As shown in figure 13F, robust CTL responses were detected after one 
vaccination. The observation that in a T helper independent setting, vaccination with 
the long peptide and a DC-activating agents is superior to vaccination with the minimal 
CTL epitope shows that, compared to the minimal CTL epitope that can bind to MHC 
class I molecules present on all nucleated cells, the long peptide is preferentially 
processed and presented by professional antigen presenting cells (APC). 



WO 02/070006 PCT/NL01/00893 

48 

Vaccination with the 35-mer and the DC-activating adjuvant ODN-CpG can effectively 
eradicate HPV16 expressing tumors. 

In order to test the efficacy of the long peptide vaccine, tumor bearing mice were 
immunized with the E7 49 - 57 peptide or the ET^long peptide admixed with ODN-CpG. 
Notably, the vaccination was given at the time when tumors were palpable (day 10-14) 
in all mice. A second vaccination was administered 14 days later in order to sustain E7- 
specific T helper- and CTL immunity. Mice treated with ODN-CpG alone did not display 
anti-tumor activity (Figure 14A). The majority of animals had to be killed due to 
extensive tumor growth within 14 days after treatment. In both groups treated with 
peptide and ODN-CpG inhibition of tumor growth was seen 8-12 days after treatment. 
Although complete eradication was observed in 3 out of 9 mice treated with the E7 49 - 57 
peptide and ODN-CpG (30% of the animals), others were only capable of stabilizing 
tumor growth temporarily and then died of their tumor. In contrast, 8 out of 10 mice 
treated with the long peptide and ODN-CpG eradicated their tumors, some of them 
sizing up from 200-500 mm 3 . In 

Conclusion 

We show that the HPV16 E7-specific CTL response is far more vigorous after 
vaccination with a HPV16 E7 derived 35-residue long peptide than following 
vaccination with the minimal CTL epitope. Our data demonstrate that at least one of 
two independent mechanisms account for this. Firstly, the long 35-residue peptide used 
in this example contains both a CTL epitope and a T helper epitope. Vaccination of 
MHC class II -/- mice demonstrated that the interaction between APC and E7-specific 
T-helper cells contributed considerably to the level of the CTL response. Furthermore, 
administration of said long peptide mixed with strong DC-activating agents was able to 
bypass the requirement for T cell help. Secondly, a direct comparison of the CTL 
response induced by the minimal CTL epitope (9 residues) of this example or said long 
peptide vaccine combined with DC activating agents in both wild type and MHC class 
II-/- mice showed that vaccination with the long peptide resulted in a far better CTL 
response, showing that in contrast to the minimal CTL epitope, the long peptide is 
preferably presented by professional APC. Moreover, we show that vaccination with the 
long peptide and strong DC activating agents result in the complete eradication of 
established tumors. These data provide a scientific basis for the use of long overlapping 
peptides, alone or in combination with strong DC activating agents in future human 
trials. 
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The high efficacy of our long peptide-vaccine is among other things due to the fact that 
the T helper- and CTL epitope are physically linked to each other. The potential 
advantage of epitope-linkage lies in the increased chance for simultaneous presentation 
of both the MHC class I and class II restricted epitopes on the surface of a single APC, 
thereby facilitating the delivery of cognate T cell help to CTL priming. A direct 
comparison of vaccines that used a mix of CTL and Th-epitopes with vaccines that used 
physically linked, but identical, CTL and Th-epitopes demonstrated that the latter 
resulted in more vigorous CTL responses (Shirai, 1994; Hiranuma, 1999; Bristol, 2000). 
Our vaccinations of normal B6 and MHC class II -/- mice confirm that the use of a 
physically linked T-helper epitope is advantageous for the development of a strong CTL 
response. In addition, these experiments demonstrated that the interaction between E7- 
spedfLc Th-cells and APC is responsible for this boost of the CTL response. 
Comparison of the CTL response induced by the minimal CTL epitope and the long 
peptide in normal and MHC class II -/- mice revealed another interesting property of 
our long peptide vaccine. In these experiments the contribution of E7-specific Th-cells 
was eliminated and only differences in physical properties or kinetics of the peptides 
are likely to play a role. Because of its size, which excluded direct binding of peptide to 
MHC class I, said long peptide needed to be taken up by professional APC that are able 
to process exogenously derived antigens and present peptides in MHC class I. We 
demonstrated that DC activation only marginally affected the outcome of the E7- 
speciffc CTL response when the minimal peptide was used whereas DC activation was a 
prerequisite for the induction of a superior E7-specific CTL response by the long peptide 
vaccine. Together these data show that the CTL and Th-epitope present in said long 
peptide are preferably presented at the surface of professional APC. 
Vaccination with the minimal HPVl6-derived CTL epitope results in a detectable CTL 
response that is not improved when DC activating agents are co-injected. This indicates 
that said peptide is not only presented at the surface of activated professional APC but 
also in MHC class I molecules of other nucleated cells. This is not surprising because 
said peptide can directly bind to MHC class I at the cell surface (Feltkamp et al., 1993). 
Presentation of said CTL peptide by cells that cannot deliver co-stimulation (e.#. non- 
immune cells) results in a dampening of CTL responses and the presentation of saidE7- 
CTL epitope by these non-professional APC are, therefore, deleterious to the induction 
of E7-specific CTL. Notably, we have shown previously that vaccination with the 
minimal ElA-derived CTL epitope resulted in tolerance of ElA-specific CTL that, 
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otherwise, were protective against E1A induced tumors (Toes 1996). Although, the 
possible presentation of the HPV16 E7-derived CTL epitope at the surface of non- 
professional APC does not hinder the induction of E7-specific CTL as seen in the 
adenovirus tumor model, the anti-tumor efficacy of these responses is hampered. 
Treatment of established tumors by therapeutic vaccination with the minim a] CTL 
epitope and the DC activating agent CpG is far less effective when compared to the 
long peptide vaccine mixed with DC activating agents. 

These results provide a scientific basis for the evaluation of this vaccine in human trials 
for both prophylactic and therapeutic intervention against HPV16 induced disease. 
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Brief Description of the Figures 

FIG. 1 depicts the peptide E741-62 induced T-cell response that recognizes naturally 
processed antigen (Ag). PBMC from a healthy HLA-DR15, 4 and DQ6,7 positive blood 
donor were stimulated four times with peptide E741-62. The responding T-cells were 
tested in a 3-day proliferation assay (a, b, c) or stimulated for 1 day in order to measure 
the production of IFNy by ELISA (d). Responder cells (R) and autologous or MHC class 
II matched antigen presenting cells (A) were incubated with the indicated Ags: 
recombinant HPV16 E6 protein (E6), recombinant HPV16 E7 protein (E7), recombinant 
HIV RT protein (RT) or peptides derived from E6 (eg E6/81-102, peptide E68M02) or 
derived from E7. Proliferation of the bulk T-cell culture (a), proliferation of the T- 
helper clone, derived from the bulk T-cell culture, and blocking of the E7 protein- 
specific response by adding an antibody against HLA-DR (b), proliferation of the T- 
helper clone when stimulated with partially MHC class EE matched antigen presenting 
cells (c), and fine mapping of the minimal epitope by measurement of the IFNy 
production per 24 h by the T-helper clone (d). 

FIG. 2 depicts a peptide E722-66 induced T-cell response that recognizes naturally 
processed Ag. PBMC from a healthy HLA-DR3 and DQ2 positive blood donor were 
stimulated four times with peptide E722-56. Proliferation of the bulk T-cell culture (a), 
specific proliferation of the T-helper clone, derived from the bulk T-cell culture, when 
stimulated with E722-66, E7ai-62 and E7 protein (b), and fine mapping of the minimal 
epitope and MHC class II restriction by measurement of the IFNy production per 24 h 
of the T-helper cell clone (c). (See, also, FIG. 1 and associated description). 

FIG. 3 depicts a peptide E743-77 induced T-cell response that recognizes naturally 
processed Ag. PBMC from a healthy HLA-DR1,3 and DQ2 positive blood donor were 
stimulated four times with peptide E743-77. Proliferation of the bulk T-cell culture (a), 
specific proliferation of the T-helper cell clone against peptide E74S-77 and E7 protein (b), 
recognition of partially matched (DR3,DQ2) peptide pulsed antigen presenting cell 
CAPC") (c) anti HLA-DR antibody blocks the E7-specific proliferation of the T-helper 
cell clone revealing HLA-DR3 as restriction element (d), and specific production of IFNy 
by the T-helper cell clone when stimulated with E743-77 peptide or E7 protein (e). (See, 
also, FIG. 1 and associated description). 
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FIG. 4 depicts the stimulation with influenza matrix 1 (Ml)-peptides of MACS- 
separated CD45EA+ (naive) T-cells {left) and CD45RO+ (memory) T-cells (right) results 
in the production of IFNy in the CD45RO+ subset only. The Ml protein was divided in 
16 overlapping peptides. Each pool consists of four 30 amino acid long peptides that 
overlap by 15 amino acids. Tet. tox.: tetanus toxoid. 

FIG. 5 depicts a peptides E2soi-33o and E2si6-345 induced T-cell response that recognizes 
naturally processed Ag. PBMC from a healthy HLA-DR2 positive blood donor were 
stimulated four times with peptides E230i-83o and E2si6-346. Specific proliferation of the T- 
helper cell clone against peptide E2soi-88o and E2si6-846 and E2 protein (a), specific 
production of IFNy by the T-helper cell clone when stimulated with E2soi^8o and E2 3 i6-346 
peptides (b), fine-mapping of the minimal epitope E2316-330 (c) and anti HLA-DR 
antibody blocks the E2-specific IFNy production of the T-helper cell clone revealing 
HLA-DR2 as restriction element (d) ,. (See, also, FIG. 1 and associated description). 

FIG. 6 depicts a peptides E2301-330 and E2si6-345 induced T-cell response that recognizes 
naturally processed Ag. PBMC from a healthy HLA-DR2, DQ6(1) positive blood donor 
were stimulated four times with peptides E2soi.3soand E2si6-346. Specific proliferation of 
the T-helper cell clone against peptide E2aoi.33oand E2 protein (a), specific production of 
IFNy by the T-helper cell clone when stimulated with E2301-330 (b), fine-mapping of the 
minimal epitope E2an-825 (c), and anti HLA-DQ antibody blocks the E2«specific IFNy 
production of the T-helper cell clone revealing HLA-DQ6(1) as restriction element(d). 
(See, also, FIG. 1 and associated description). 

FIG. 7 depicts a peptide E2331-366 induced T-cell response that recognizes naturally 
processed Ag. PBMC from a healthy HLA-DR2 positive blood donor were stimulated 
four times with peptide E2331365. Specific proliferation of the T-helper cell clone against 
peptide E2s3i-865 and E2 protein (a), specific production of IFNy by the T-helper cell 
clone when stimulated with E2331365 peptide (b), fine-mapping of the minim al epitope 
E234G.356 (c) and anti HLA-DR antibody blocks the E2-specific IFNy production of the T- 
helper cell clone revealing HLA-DR2 as restriction element (d). (See, also, FIG. 1 and 
associated description). 
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FIG. 8 depicts a peptide E2331-365 induced T-cell response that recognizes naturally 
processed Ag. PBMC from a healthy HLA-DR1 positive blood donor were stimulated 
four times with peptide E2381385. Specific proliferation of the T-helper cell clone against 
peptide E2s3i-se5and E2 protein (a), fine-mapping of the minimal epitope E2s5i s65 (b), 
and anti HLA-DR antibody blocks the E2-specific IFNy production of the T-helper cell 
clone revealing HLA-DR1 as restriction element (c). (See, also, FIG. 1 and associated 
description). 

FIG . 9 depicts E2-peptide specific IFNy-production of T-cells present in the CD45RO+ 
(memory)-fraction of PBMC. The CD45RO+ memory fraction of PBMC were isolated 
using MACS technology. Following separation these memory T-cells were stimulated 
with indicated peptides. After 10 days of incubation the cells were harvested, washed 
and then stimulated with the indicated peptides in a 96-well ELISPOT plate at 50,000 
PBMC per welL Healthy blood donor derived CD45RO+ PBMC contain HPV16 E2- 
specific memory T-cells as shown by the reaction to several pools of: two 30 amino acid 
long E2 peptides (first amino acid of of first peptide and last amino acid of second 
peptide are indicated at X-axis) that were selected based on immunogenicity of these 
peptides, which was established in previous assays (a-b), or four 30 amino acid long E2 
peptides (indicated are the position of the first and last amino acid of the sequence that 
is covered by these 4 peptides in the E2-protein) (d-f). MRM: memory response mix 
which consists of a mix of Mycobacterium tuberculosis, Tetanus toxoid and Candida 
albicans antigens. (See, also, FIG. 4, and associated description).*, statistically 
significant response (p<0.05). 

FIG. 10 depicts the survival of C57/B16 mice when immunized once with 30[ig of the 32 
amino acid long peptide (^CNSSTDSCDSGPSNTPPEIHPVVRLCP containing 
the minimal CTL epitope. Mice were challenged 14 days later with 0,5 million AR5 
tumor cells at the opposite flank. In contrast, mice immunized with the minimal 10 
amino acid long CTL epitope (SGPSNTPPEI) were not protected. 

FIG. 11 A-E. MHC class II T helper cells enhance E7^ 57 -specific CTL responses 
following prime-boost vaccinations with the HPV16 E7 48 - 77 35-mer. 
Mice (B6) were either primed once with E? 48 ^ 7 peptide (A) or E7 43 - 77 35-mer (B), or 
boosted 50 days later with the same peptides: E7 49 * 7 peptide (C) or E7 43 - 77 35-mer (D). 
MHC class IF- mice were similarly primed and boosted with E7 48 - 77 35-mer (E). Peptides 
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were emulsified in EPA. Ten days following the final vaccination spleens were harvested 
and cultures were stimulated with the E7 49 - 57 -expressing tumor cell line 13.2. Based on 
the forward and side scatter pattern of isolated spleen cells in the FACS, CD8 (FL4-H) 
staining and H-2D b -RAHYNIVTF-tetramer8 staining spleen cells are subjected to the 
analysis of CD8+ H-2D^-RAHYNIVTP-tetranier positive T-cells. Indicated on the y-axis 
are the percentage of CD8+ T-cells that were H-2D b -RAHYNIVTF-tetramers positive. 
Each column on the x-axis represents an individual mouse. The horizontal line indicates 
background responses plus standard deviation of naive mice (1.31%). 



FIG 12A-B. E7-specific T helper type 1 cells are induced following vaccination with the 
E7 43 * 77 35-mer. Sets of 5 Mice (B6) were injected subcutaneously with E7 43 - 77 35-mer 
admixed with IFA (A) or CpG (B). Spleens were harvested after 10-days and spleen 
cells cultures were stimulated with Dl cells pulsed with the E7 43 " 77 35-mer. After 1 week 
of in vitro stimulation the specificity of the CD4+ fraction of the cultures was tested by 
measuring the IFN^y production of individual T cells. White columns illustrate 
background IFN-y production by CD4+ T-helper cells stimulated with non-pulsed Dl 
cells, whereas black columns represent IFN-y production by CD4+ T-helper cells when 
stimulated with E7 48 - 77 35-mer pulsed Dl cells. Each set of two columns represents an 
individual mouse. 

FIG13 A-F. A single vaccination of the E7 43 " 77 35-mer combined with DC-activating 
adjuvantia results in high CTL responses. Mice (B6) were only primed and not boosted 
with the E7 49 " 57 peptide (depicted on the left) or the 35-mer (depicted on the right). Anti- 
CD40 Ab (A), GM-CSF (B), GM-CSF plus IFA (C), MPL (D) and ODN-CpG (E) were 
used as adjuvants . Similarly, MHC class IF- mice were only primed and not boosted 
with the E7<3- 77 35-mer and ODNrCpG (13F). Spleens were harvested after 10-days and 
cultures were in vitro stimulated with the E7 4 * WJ7 -expressing tumor cell line 13.2 for 7 
days. Subsequently, the percentage of E7 49 ^ 7 -tetramer-positive CD8+ cells was 
determined by FACS-analysis (y-axis). Each column on the x-axis represents an 
individual mouse. The horizontal line indicates background responses plus standard 
deviation of naive mice (1,31%). 

FIG.14 depicts the outgrowth of HFV16 E7 positive tumors in either TC-1 tumor 
challenged mice that were vaccinated with either the minimal CTL epitope E749^7 
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mixed with a dendritic cell activating agent (CpG) (B; n=9 mice) or vaccinated with 
HPV16 E743-77 mixed mixed with a dendritic cell activating adjuvant (CpG) (C; n=10 
mice) or not vaccinated (A; n=10 mice) at the day that all mice had small palpable 
tumors (day 10). Mice were boosted 14 days later and tumor outgrowth was followed for 
65 days after the first immunization. Note that tumor volumes started to decrease 7-10 
days after immunization and they had reached volumes of 200-500 mm 8 . Furthermore, 
non-immunized mice died 2-3 days after such a tumor volume was reached. 6/9 mice 
vaccinated with the minimal epitope died of their tumor, whereas 8/10 mice vaccinated 
with the long peptide completely eradicated their tumor. 

FIG. 15 depicts the proliferation of human CD4+ T-helper clones stimulated with 
peptide E2 46-75 that recognizes naturally processed Ag. PBMC from a healthy HLA- 
DR4 positive blood donor were stimulated four times with peptides E2 46-75 . Specific 
proliferation of the T-helper cell clone 47 against peptide E2 46-75 and the N-terminal E2 
protein but not the C-terminal half of the E2 protein (left) and the restriction via HLA- 
DR4 (right) is shown. The peptide-specificity of T-helper clone 36 that recognizes a 
different, yet overlapping, peptide E2ei-75 is shown at the bottom. (See, also, FIG. 1 and 
associated description). 

FIG. 16 depicts a peptide E6 127-158 induced T-cell response that recognizes naturally 
processed Ag. PBMC from a healthy HLA-DEl positive blood donor were stimulated 
four times with peptide E6127158. Proliferation of the bulk T-cell culture (top,left) and 
IFNy production (top, right). In addition, the specific proliferation (bottom, left) and 
IFNy production (bottom, right) of the T-helper clone, derived from the bulk T-cell 
culture, and HLA-restriction when stimulated with E6127-158, or E6 protein is depicted. 
(See, also, FIG. 1 and associated description). 
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CLAIMS 

1. A method for inducing and/or enhancing an antigen specific T cell response 
comprising providing a system capable of exhibiting said response with a peptide 
comprising a T cell epitope specific for said antigen, said peptide comprising 22-45 
ammo-acrid residues. 

2. A method according to claim 1, wherein said peptide comprises 22-40 amino acid 
residues. 

3. A method according to claim 1 or 2, wherein said peptide comprises a sequence 
capable of activating an antigen presenting cell. 

4. A method according to any one of claims 1-3, wherein said peptide comprises a T- 
helper activating sequence. 

5. A method according to any one of claims 1-4, wherein upon providing said peptide 
said peptide is processed by an antigen presenting cell. 

6. A method according to any one of claims 1-5, wherein said peptide comprises at least 
two T cell epitopes for said antigen. 

7. A method according to any one of claims 1-6, wherein at least one of said epitopes 
comprises a T-helper cell epitope for said antigen or a cytotoxic T lymphocyte (CTL) 
epitope for said antigen. 

8. A method according to any one of claims 1-7, wherein said peptide comprises at least 
one T-helper cell epitope for said antigen and at least one cytotoxic T lymphocyte 
(CTL) epitope for said antigen. 

9. A method according to any one of claims 1-8, wherein said antigen comprises a viral 
protein or an immunogenic part, derivative and/or analogue thereof. 

10 A method according to claim 9, wherein said antigen comprises a human 

papillomavirus (HFV) protein or an immunogenic part, derivative and/or analogue 
thereo£ 

11. A method according to claim 9 or claim 10, wherein said protein comprises E2, E6 
and/or E7. 

12. A method according to any one of claims 1-8, wherein said antigen comprises an 
auto-antigen, preferably a tumor cell specific auto-antigen or a functional part, 
derivative and/or analogue thereof. 

13. A method according to any one of claims 1-8, wherein said antigen comprises a viral 
or (Mycobacterial antigen. 
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14 A method according to claim 13, wherein said antigen comprises Mycobacterium 
tuberculosis and Mycobacterium leprae hsp65 369-412. 

15. A method according to any one of claims 1-14, wherein immunizing with a peptide 
comprising 21 amino- acids or less induces tolerance and/or functional deletion of 
antigen specific CTL in said system. 

16. A method according to any one of claims 1-15, further comprising providing said 
system with an adjuvant. 

17. A method according to claim 16, wherein said adjuvant comprises an exosome, a 
dendritic cell, monophosphoryl lipid A and/or CpG nucleic acid. 

18. A method according to any one of claims 1-17, wherein said system comprises an 
animal. 

19. A method according to claim 18, wherein said system comprises a human. 

20. A method according to claim 18 or claim 19, wherein said animal is suffering from or 
at risk of suffering from a disease that is at least in part treatable or preventable by 
inducing and/or enhancing said immune response. 

21. A method according to claim 20, wherein said disease comprises a (mycobacterial 
disease, a viral disease and/or cancer. 

22. A peptide comprising 22-45 amino acid residues, comprising a T cell epitope specific 
for an antigen. 

23. A peptide according to claim 22, which comprises 22-40 amino acid residues. 

24. A peptide according to claim 22 or 23, comprising at least two T cell epitopes specific 
for said antigen. 

25. A peptide according to any one of claims 22-24, wherein said peptide comprises a 
CTL epitope. 

26. A peptide according to any one of claims 22-25, wherein said peptide comprises a T 
helper cell epitope. 

27. A peptide according to claim 26, wherein said CTL epitope leads to tolerance or 
functional deletion of CTL specific for said epitope, when present on a peptide 
comprising less than 22 amino acid residues. 

28. A peptide according to any one of claims 22-27, which comprising between 22-35 
amino acid residues. 

29. A peptide according to claim 28, comprising 32, 33, 34 or 35 amino acid residues. 

30. Use of a peptide according to any one of claims 22-29 for inducing and/or enhancing 
an immune response specific for said antigen. 

31. Use of a peptide according to any one of claims 22-29, for the preparation of a 
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vaccine. 

32. Use of a peptide according to any one of claims 22-29, for the preparation of a 
vaccine for the treatment and/or the prevention of an HPV-related disease. 

33. Use of a peptide according to any one of claims 22-29, for the preparation of a 
medicament. 

34. Use of a peptide according to anyone of claims 22-29 for the preparation of a 
medicament for the treatment of an individual suffering from or at risk of suffering 
from a (mycobacterial disease, a viral disease and/or cancer. 

35. A method for obtaining an antigen specific T cell, comprising 

inducing and/or enhancing a T cell response specific for said antigen with a method 
according to any one of claims 1-21, and collecting said antigen specific T cell from 
said system. 

36. An isolated T cell obtainable by a method according to claim 35. 

37. Use of a T cell according to claim 36, for preparing a medicament. 

38. A vaccine comprising a peptide according to any one of claims 22-29. 

39. A medicament comprising a peptide according to any one of claims 22-29, and/or a T 
cell according to claim 36. 

40. A use of a peptide according to any one of claims 22-29, to determine whether a 
collection of cells comprises an antigen specific T cell, said peptide comprising an 
epitope for said antigen. 

41. A use according to claim 40, for determining whether an individual comprises 
immunity for said antigen. 

42. A use according to claim 40 or 41, wherein the presence of said T cell is determined 
by EUSA, ELISPOT, delayed type hypersensitivity response, intracellular cytokine 
staining, and/or extracellular cytokine staining. 

43 An immunogenic epitope selected from the central part of a human papilloma virus 
16 E7 protein. 

44 An immunogenic epitope according to claim 43, wherein said central part comprises 
a region spanning amino acid 35-77 of a human papilloma virus 16 E7 protein. 

45 .An immunogenic epitope according to claim 43, wherein said central part comprises 
a region spanning amino acid 35-50 in said E7 protein. 

46 An immunogenic epitope according to claim 43, wherein said central part comprises 
a region spanning amino acid 50-62 in said E7 protein. 

47 An immunogenic epitope according to claim 43, wherein said central part comprises 
a region spanning amino acid 43-77 in said E7 protein. 
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48. An immunogenic epitope selected from the C-terminal part of a human papilloma 
virus 16 E6 protein. 

49. An immunogenic epitope according to claim 48, wherein said C-terminal part 
comprises a region spanning amino acid 81-158 of a human papilloma virus 16 E6 
protein. 

50. An immunogenic epitope according to claim 48, wherein said C-terminal part 
comprises a region spanning amino acid 127-140 of a human papilloma virus 16 E6 
protein. 

51. An immunogenic epitope according to claim 48, wherein said C-terminal part 
comprises a region spanning amino acid 121-142 of a human papilloma virus 16 E6 
protein. 

52. An immunogenic epitope selected from a region spanning amino acid 31-120, 151-195 
or 271-365 of a human papilloma virus 16 E2 protein. 

53. An immunogenic epitope according to claim 52, wherein said region is spanning 
amino acid 46-75 in said E2 protein. 

54. An immunogenic epitope according to claim 52, wherein said region is spanning 
amino acid 51-70 in said E2 protein. 

55 JVn immunogenic epitope according to claim 52, wherein said region is spanning 
amino acid 61-76 in said E2 protein. 

56. An immunogenic epitope according to claim 52, wherein said region is spanning 
amino acid 311-325 in said E2 protein. 

57. An immunogenic epitope according to claim 52, wherein said region is spanning 
amino acid 316-330 in said E2 protein. 

58-An immunogenic epitope according to claim 52, wherein said region is spanning 

amino acid 346-355 in said E2 protein. 
59.An immunogenic epitope according to claim 52, wherein said region is spanning 

amino acid 351-365 in said E2 protein. 
60 A peptide comprising an immunogenic epitope according to anyone of claims 43-59. 
61.A peptide according to claim 60, capable of complexing with an MHC class II 

molecule. 

62 A peptide according to claim 60, tested for its capability of eliciting IFNy production 
by PBMC derived from an individual diagnosed with CENT III and/or cervical 
carinoma. 

63 A method for generating a human papilloma virus 16 specific T-cell comprising 
contacting a collection of naive T-cells with a peptide according to anyone of claim 60- 
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62 and culturing at least part of said collection of T-cells. 

64. A method for inducing IFNy production by a human papilloma virus 16 specific 
memory T-cell comprising contacting a collection of T-cells of a subject infected with 
human papilloma virus 16 with a peptide according to anyone of claim 60-62 and 
culturing at least part of said collection of T-cells. 

65. A method according to claim 63 or claim 64 further comprising isolating said human 
papilloma virus 16 specific T-cell. 

66. An isolated T cell obtainable by a method according to claim 65. 

67 A method for eliciting and/or enhancing an HPV16 E7 protein-specific, and/or an 
HPV16 E6 protein-specific, and/or an HPV16 E2 protein-specific immune response in 
an individual comprising administering to said individual a peptide according to 
anyone of claims 60-62 and/or a T-cell according to claim 66. 

68 A vaccine comprising a peptide according to anyone of claims 60-62 and a suitable 
carrier. 

69 .Use of a T cell according to claim 66 for immunotherapy. 

70. U8e of a vaccine according to claim 68 or a T cell according to nlaim 66, for the 
treatment of a subject comprising an HPV16 lesion. 

71. A method for determining whether a collection of T cells comprises a memory T cell 
specific for an epitope comprising 

- providing said collection of T cells with a peptide comprising said epitope 

- culturing said collection of T cells in the presence of an IFNy antibody, and 
-detecting any bound IFNy. 



PCTYNL01/00893 



1/16 




Fig. 1 



CD UJ 

u 




E7 protein 



CNKDUjfe CNJCOUIO: 



Ul 



us 

UJ 



DR15-APC DR^APC 



Df 


6000 -, 


a 

a 


5000 - 


uction ( 


4000 - 


3000 - 


? 


2000 - 


i 


1000 - 


u. 


0 - 




< CM CM CM CM ►» K- 
g CM » CD W UJ S 



s «s s s 

111 N N N 
Ul IU UJ 



SUBSTITUTE SHEET (RULE 26) 



PCT/NL01/00893 



2/16 



Fig. 2 




S £ UJ 

CM CO 
CM J 

I*- 

Ui UJ 



B 

I 30000 - 

f 25000 

| 20000 ^ 

S 15000 



S 10000 

o 




<CM<DCMCMCMb-h- 
2 CM IO Vf <9 Ill fl< 

t- CM v t- 

CM CO 2£ «J 

UJU1UJU1 




<<DCM«OlOOK.nrOCO. 



in in in m m up 



E7 protein 



SUBSTITUTE SHEET (RULE 26) 



WO 02/070006 



3/16 



PCT/NL01/00893 



Fig. 3 



E 40000 




2 "? *r m m 
53 

ui Ui 



E 15000 




TT- CO V 

5 J (O 

ui ui ui 



DR3.DQ2APC 




C 

o 

I 




* cr * Sfc 2 < ? r r c ? UJU| 

£ Ul Q Q O T^rtr 



53 53 3SR 
C C C I^UI 

5 5 fe uiiu 



E7 protein 

SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 



WO 02/070006 



PCT/NL01/00893 



5/16 




S o S o m 

N CM t- i- 

(|iii/6d) BOIUJB6-N Jl 




o o o o o o 

o o o o o 

o o o o o 

W ^ (O w *- 

(|LU/6d) BOJiueB-Ndl 




za 

tunipeuj 



o o o o o o 
o o o o o 

IO O IO O IO 
CM OJ 

(tudo) uouBjapjojd 




0PZ-UZZ3 

9Z£~U£ZB 
0Z£r90£Z3 

wnipauj 



(tudo) uot)BJ9|!|ojd 




o o o o o o 
o o o o o 
o o o o o 

IO O IO O IO 
CM CM t- r- 

(|Oi/6d) BUJiiiB6-Ndll 




CO 



lQjd/3 

wz-uzza 

h Z3 
OZZ-lOtZB 
~ uinipdui 



i — i — i — i — r 

o o o o o 
o o o o o 
o o o o o 

IO O IO o to 
CM CM 



(|iu/6d) buuuibB-isiji 



OPZ-UZZB 




oee-K)e za 

uinipetu 



WZ-UZZ3 



CO 

£ 

? o a 




09C-I-0S23 
tunjpsuj 



o o o o o 



-« o o o o o 
LL 10 cm o> to co 



(LUdo) UOIJBJGjlJOJd 



SUBSTITUTE 



SHEET 



(UJdD) U0IJBJ9JJ|0Jd 
(RULE 26) 



WO 02/070006 



PCT/NL01/00893 



6/16 




o o o o o o 

o o o o o 

o o o o o 

o o o o o 

lO CO N t- 

(|UJ/6d) eujLue&-|si = {| 




ovz-az za 

uintpaui 




o o o o o o 

o o o o o 

o o o o o 

o o o o o 

m t co n x- 

(|iu/6d) emiueB-Ndl 




ffl 



-096-1*9 23 
-$56-966 23 

ose-i.ee 23 

596^66 23 
Lunipaw 



(tudo) uoi^ejamojd 



I — i — r 

o o o o o o 

§ S 8 tS § 
(wdo) uojjBjainojd 




(|iu/6d) euiLue6-|sj-j| 



0*2-^223 




soe-i.ee za 



,000000 
00000 

o o o o o 

IO -sT CO CM t- 

(uido) uoijBjeuiojd 



ovz-iizza 




S9enee zb 



00000 

O CO (X) M 



(Uido) U0IJBJ9jJ|0jd 
SUBSTITUTE SHEET (RULE 26) 



WO 02/070006 PCT7NL01/00893 

7/16 



Fig. 9 
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Fig. 9, contd. 
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Fig. 10 
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Fig. 12 
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Fig. 15 
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Fig. 16 
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